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INTRODUCTION 


The production of blue foxes in Alaska is a comparatively new 
industry, at present confined chiefly to islands along the southern 
coast, including the Aleutian Chain (fig. 1). It is of particular im- 
portance to Alaska, since it utilizes outlying islands that are of little 
or no value for agriculture. 

In island blue-fox raising the foxes are allowed to roam over an 
entire island, where they choose their mates and make their dens. 
In the early days the foxes had to forage for their food, but now 
practically all ranchers feed them. This system has proved profit- 
able, and, together with the increased popularity of fur for apparel, 
has led many persons to lease certain islands from the United States 


1The writers desire to acknowledge the help given in the preparation. of this bulletin 
by the many fox farmers of Alaska in furnishing information of value, and the assist- 
ance in the section on diseases and parasites given by M, C. Hall, of the Bureau of 
Animal Industry. 
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Government and to claim others by squatters’ rights for engaging 
in fur farming. So great has been the demand for islands that 
practically all the desirable ones under the control of the Depart- 
ment of Agriculture are leased for the purpose. 

A number of individuals in Alaska have attempted to raise blue 
foxes in pens, and recent reports show that some of them have been 
successful (fig. 2). In addition, litters of blue foxes have been pro- 
duced in captivity at the experimental fur farm of the Biological 
Survey, in New York State, as well as on ranches‘in other parts of 
the United States. A number of ranchers and raw-fur buyers main- 
tain that blue-fox pelts produced in pens lack the quality and finish 
of those produced in the wild. This has been held to be the case 
with silver foxes also. Approximately 90 per cent of the silver-fox 
pelts sold on the raw-fur market in 1924, however, were from ranch- 
bred animals. : 


s)saera 


Iic, 1.—Sections of the Alaska coast where blue-fox production is becoming an 
important industry ; 


1. Southern Alaska. 4, Kodiak-Afognak region. 
2. Prince William Sound region. 5. Islands off the Alaska Peninsula. 
3. Lower Cook Inlet region. 6, Aleutian Islands. 


Because the number of islands available for fox ranching is lim- 
ited, those already engaged in the business should determine as 
quickly as possible whether blue foxes can be produced profitably in 
pens. If this is found possible, blue-fox ranching can spread to the 
mainland of Alaska, to Canada, and to the United States. With the 
resulting growth of the industry, there will be an increased demand 
for breeding stock as well as for pelts. 

Blue-fox ranching is in a condition similar to silver-fox produc- 
tion in that it is an industry of too recent development to be sup- 
ported by the results of extensive study and research. Sufficient is 
known, however, to assist beginners, as well as established ranchers, 
with information on some important phases of the business, such as 
organizing the ranch, breeding, feeding, pelting, and sanitation. 

The information given in the following pages is based on a study 
of the methods and practices which have been found to give the 
greatest success on islands in Alaska. 
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WHAT IS A BLUE FOX? 


A number of persons in Alaska and elsewhere mistakenly think 
_ that white foxes are found only in the Arctic, and that when they 
were brought to the Pribilof Islands and points farther south the 
climate changed the fur from white to blue. 

The blue fox is a color phase of the Arctic or white fox (Alopea), 
which is circumpolar in range, being found particularly along the 
seacoasts of arctic and subarctic regions. Its normal winter coat is 
white, while the summer pelage is brown and tawny. The blue fox 
is dark bluish in winter and tends toward brownish in summer. 
There are intermediates in which the coat may be spotted blue and 
white, or the blue and white may be blended, producing a dingy or 
smoky-white appearance. Such mottled animals sometimes occur 
among blue foxes where there have been no white foxes. It is noted 


B24761 
lic, 2. Blue-fox pups sunning themselves on the roof of their den 


more frequently, however, where white and blue foxes are ranched 
together. 

The white fox is more common in the wild than the blue, and 
smoky-white foxes are sometimes born from blue parents; but on 
islands where blue foxes have been introduced and raised a pure 
white fox is exceedingly rare. 

The prices usually paid for the different skins are governed largely 
by the relative scarcity of the animals and the market demand. On 
the raw-fur market, blue-fox skins generally bring from three to 
four times as much as white. At present both color phases are 
popular, the natural blue being preferred by the more exclusive 
trade; to supply the popular trade, white skins are dyed blue, steel, 
taupe, and rose. | 

In general, it may be said that prime blue-fox pelts produced in 
pesgucally every section of Alaska shown on the map (tig. 1) are 

ringing good prices on the raw-fur markets, 
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BRIEF HISTORY OF BLUE-FOX FARMING 


Veniaminof, a Russian writer, states that when the Pribilof Ts- 
lands were discovered they were inhabited by blue and white foxes.? 
The larger islands of the Aleutian group also are said to have been 
inhabited by blue and white foxes when discovered by the Russians.* 
In 1835 the Russians introduced blue foxes on Kiska Island, possibly 
on Amlia, and perhaps on other islands in the Aleutian Chain. 


In 1858 an official Russian proclamation permitted and ordered 


the killing of white foxes on the Pribilofs whenever and wherever 
found, but there were rigid restrictions on the killing of blue foxes. 
The Russians followed a wise and vigorous policy of stocking lands 
with fur-bearing animals, giving both native and introduced forms 
protection with the view of maintaining a constant supply of fur. 
There is nothing to indicate that fur farming was carried on in a 
manner similar to present-day fur farming, however; that is, caring 
for the animals in pens. 
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Fie. 3.—View of Long Island, near Kodiak; stocked with blue foxes. The dwelling 
is in the center; the buildings on the left and right are feed and storage houses, 
respectively 


The first recorded efforts to raise blue foxes, after the purchase of 
Alaska by the United States, began in 1885. ‘The Semidi Propagat- 
ing Co., of Kodiak, obtained 8 or 10 pairs of blue foxes from the 
Pribilofs and placed them on Aghiyuk Island. This island is locally 
known as North Semidi, and is off the Alaska Peninsula near the 
present village of Chignik. About 1886 or 1887, 3 or 4 pairs were 
taken from the progeny on North Semidi and placed on Chowiet 
or South Semidi Island. <A black male fox also was placed on this 
island, and this one killed off all the blue foxes. Chowiet was again 
stocked in 1891 by the Semidi Propagating Co. with 18 pairs of blue 
foxes from the Pribilof and Aghiyuk Islands. In 1891 this com- 
pany also stocked Chirikof Island with 6 or 8 pairs from Aghiyuk 
and possibly some from the Pribilofs. . 

In 1895 the Semidi company obtained possession of Long Island, 
near Kodiak, from a person who had been raising cattle, sheep, and 
silver foxes there (fig. 3). After trapping and removing all the 


2 Veniaminof’s Zapieska, 1840, translation by Henry W. BDlliott, in “‘A Report upon the 
Condition of Affairs in Alaska” to the Secretary of the Treasury (p. 258), 1875. 
% Dall, William H., ‘Alaska and its Resources,” pp. 498-499, 1870. 


\ 


i — =<. 


BLUE-FOX FARMING IN ALASKA 5 


silver foxes (1895-96), they placed on the island 30 pairs of blue 
foxes from Aghiyuk. Whale Island was stocked in 1899 with foxes 
produced on Long Island. 

This stocking of islands was the real beginning of blue-fox farm- 
ing in Alaska. The operations of the Semidi Propagating Co. were 
not a complete success, but were a start in the right direction. 
Through its efforts stock was brought to points accessible to breeders. 
It is neither necessary nor desirable to go into a detailed history of 
subsequent developments. In fact, this soon became so intricate as 
to make impracticable any attempt ‘to trace it. For a time there was 
a boom; then there was a decline, during which many islands were 
abandoned and most or all of the stock of foxes removed. Interest 
revived about 1916, and since then the industry has developed so 
rapidly that in a very few years almost all the islands suitable for 
the enterprise have been occupied. 


° 
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Fic. 4.—Blue foxes running wild on islands comb the beach for food. They will 
become very tame and even eat from the hand of their keeper 


In 1898 a few pairs of blue foxes from Long Island were sent to 
Foxcroft, Me., and kept in pens. The animals were pups of that 
season and it is reported that several foxes were raised the next 
year.* A number of blue foxes were imported into the United 
States from Alaska between the years 1919 and 1924. Some, at 
least, of the operators in the States and on the Alaska mainland 
have been successful in raising blue foxes in pens. 

FOX-GROWING AREAS IN ALASKA 


The islands used for blue-fox farming in Alaska vary in size from 
about 40 to more than 6,000 acres, and fall into six geographic 
groups (see fig. 1): (1) ‘Southeastern Alaska (in the Alexander 
Archipelago) ; (2) Prince William Sound region; (3) Lower Cook 
Inlet region; (4) Kodiak-Afognak region; (5) the Alaska Penin- 
sula; (6) the Aleutian Islands. In the first two groups the islands 


4 Washburn, M. L., in Harriman Alaska Expedition, vol. 2, p. 360, 1901. 
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are almost all timbered and lie mainly within national forests. 
Some of the islands in the Kodiak region are timbered, but west- 
ward from Kodiak none have.timber. 

With respect to their availability for fur farming, these islands 
fall into four classes: 

(1) Ten islands from Prince William Sound to the Shumagin 
group; namely, Little Koniuji, Simeonof, Chirikof, Long, Marmot, 
Pearl, Elizabeth (fig. 5), Middleton, Aghiyuk, and Chowiet. All 
of the islands in this ; group are leased and occupied for fur farming, 
the administration being by the Secretary of Agriculture through 
the Biological Survey. 

(2) Islands in the Aleutian Islands Reservation are available for 
occupancy under permit and are administered by the Secretary of 
Agriculture through the Biological Survey. Applications for per- 
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¥Wic. 5.—Elizabeth Island, leased for fur farming by the Biological Survey. The 
timber is fairly dense in the valleys. This is also true of Pearl and Marmot 
Islands, similarly leased 


mits to occupy these islands should be sent to the office of the Bio- 
logical Survey, Juneau. 

(8) Islands on national forests are administered by the Secretary 
of Agriculture through the Forest Service, and practically all such 
islands suitable for fox farming are already under permit for that 
purpose. On the Tongass Forest, in southeastern Alaska, 150 such 
permits are in effect; and on the Chugach Forest in the Prince Wil- 
liam Sound region, 36. Inquiries regarding the use of national- 
forest land for fox- farming purposes should be addressed to the 
Forest Supervisor, Cordova, Alaska, or Forest Supervisor, Ketchi- 
kan, Alaska, who are in charge of the Chugach and Tongass National 
Forests, respectively. 

(4) Other islands, except a few small reserves, are of the public 
domain and under the jurisdiction of the General Land Office, De- 
partment of the Interior. No legal authority exists for leasing or 
granting title to these islands. A few are situated in southeastern 
Alaska, but the majority are west of Seward and Cook Inlet. Many 
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islands of this class are occupied for fur farming under the belief 
that those in possession will have their occupancy recognized should 
Congress pass the necessary law authorizing the issuance of leases or 
permits for them. 

Shipments by mail of furs consigned to points outside of Alaska 
are required to be reported to the Alaska Game Commission, Juneau, 
Alaska, on appropriate blanks supplied for the purpose.® 


SELECTING AN ISLAND OR RANCH SITE 
CLIMATE AND SHADE 


The production of a fine quality of fur is closely related to climate. 
A long, cold winter, with a fair amount of rainfall, particularly 
in spring, is conducive to the production of good pelts. Hot sum- 
mers are not detrimental if short and if followed by a season of cold 
weather sufficiently severe to cause the renewal of heavy coats. 


B24818 
Fic. 6.—Paul Island. Scrubby underbrush is found here but no large timber 


It has been stated that excessive sunshine makes the fur of live 
animals fade, but to what extent has not yet been definitely ascer- 
tained. The sun will make fur fade, however, after the pelt has 
been removed. When the fur of a blue fox is being shed the dead 
hairs turn to various shades of brown and chocolate. During the 
season when the blue-fox pelts are becoming prime, some will be 
found with a chocolate tinge, commonly known as rusty. This, 
however, is not conclusively proved to be the result of sun bleaching; 
in some cases it is due to inferior breeding stock, which has a tend- 
ency to produce rust color instead of a clear maltese. 

A happy medium of shade and sunshine is necessary for the com- 
fort and health of the foxes. Every animal likes to be in the shade 
during extremely hot weather. On the other hand, sunshine is the 
best natural means of keeping the ground clean and sanitary. Some 
of the treeless islands have scattering brush and shrubbery (figs. 6 


'Full text of laws and regulations relating to fur farming and the trapping of fur- 
bearing animals can be had on application to the Alaska Game Commission, Juneau, 
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and 7), and many of them have luxuriant growths of grasses and 
herbaceous vegetation. Others have little or no plant life, but much 
outcropping of bedrock. An island of the type last described is of 
little value for fox raising, not only because of the lack of sufficient 
shade but also because the denning ground is too limited. 


LOCATION AND: SOIL 


The northward extension of island fur farms is limited by the 
necessity for freedom from ice bridging to adjacent lands, either 
by the channel freezing over or by drifting ice. It is for this reason 
that island farms in Alaska are restricted mainly to the southern 
coast line and the Aleutian Chain. The southward limit is governed 
by the need for sufficient cold weather to produce good fur. Near 
the mainland, where the winter temperatures average lower than at 
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Fic. 7.—General view of the top of Aghiyuk Island. There are no trees on the 
island and, except in hollows, very little vegetation of any kind . 


the outer coast, the southern limit will be farther south than in the 
mild outer ocean belt. The mainland area has produced good blue- 
fox skins as far south as Petersburg, and fur farms are being 
started over 100 miles farther south. It is possible that the island 
blue-fox zone on the Pacific coast near the mainland may extend into 
northern British Columbia. Along the outer coast, blue-fox farms 
are being established as far south as Hydaburg, on the west coast of 
Prince of Wales Island, although the winter climate in the section 
is exceedingly mild. Fur farmers on the western islands of the 
Aleutian Chain, which also have a mild climate, receive satisfactory 
prices for blue-fox skins. 

Blue foxes can be successfully raised on any type of soil that is 
well drained and affords suitable shade and denning grounds. It has 
not been definitely determined whether certain types of soil are more 
favorable than others to fox parasites; soils possessing an undue 
amount of moisture, however, and densely shaded situations are 
favorable to their development. The elements in the soil appear to 
have no bearing on the quality of the fur produced. 
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The latitude, climate, and soil having been determined, the next 
important consideration is the proper location for the ranch. Fox 
ranches are now established on islands in every conceivable location. 
Some are found many miles from civilization, where transportation 
by regular means can not be had at reasonable intervals, where 
it is difficult to obtain supplies, and where the rancher is practically 
shut off from many opportunities for the sale of breeding stock. 
Energetic, progressive men will not stay long under these conditions, 
however, and this makes it difficult to secure the necessary labor. 
On the other hand, an island used for fox farming should be at least 
half a mile away from adjacent islands or the mainland, as the 
animals may escape by swimming. 


HARBOR FACILITIES 


Tt is possible to operate an island fur farm which lacks a harbor, 
but the disadvantages are extremely great. The vaiue of harbor fa- 
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Fic. 8.—A floating dock of the type illustrated can be built easily and cheaply and 
is a great Convenience in landing supplies and tying up a boat in the harbor 


cilities can scarcely be overestimated. A harbor permits keeping 
a boat for use in obtaining feed, in feeding, in the transportation 
of skins and breeding stock, and in communicating with towns and 
the mainland (fig. 8). 

FOOD SUPPLY 


Fish is the basic article in the diet of blue foxes; hence it is essen- 
tial that it be readily obtainable throughout the year. Proximity to 
a cannery is a great advantage, as the waste material makes excel- 
lent feed. Seals and porpoises and members of the whale family 
might well be more utilized than is now the case. It is essential that 
the food be palatable, nutritious, and inexpensive. 


WATER 


The presence of fresh-water springs, streams, or ponds on an 
island is important. During the whelping season especially it is 
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necessary that fresh water be supplied at or near the dens. It is 
almost impossible to avoid carrying water to some extent, but the 
problem is much simplified if the natural supply is well distributed 
about the island. 

ISLAND AREA 


The number of foxes that can be kept on a given area depends 
largely on the denning grounds, the number of feeding places, and 
the attention given. When fed at various locations on the island, 
foxes become accustomed to the feeding places and make their homes 
not far away. Even on the larger islands the dens are found in 
proximity to the feeding places. There is no immediate cause for 
concern about overcrowding. It has been estimated by the ranchers 
on the smaller islands—for example, those containing 40, 50, or 60 
acres—that between 150 and 200 foxes can be maintained if properly 
fed. 
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Fig. 9.—Convenient arrangement of buildings for fox rancher. From left to right 
they are dwelling, woodshed, smokehouse, and feed-storage house 


RANCH ORGANIZATION 


STRUCTURES 


The ranch site having been chosen, consideration should be given 
to the location of the dwelling house, feed-storage, cook house, 
smokehouse, and any other structure (figs. 9 and 10). For con- 
venience the dwelling should be as near as possible to the harbor or 
landing place. In order to look after the foxes properly on large 
islands it may be necessary to construct one or more additional 
dwellings or cabins. 

The feed-storage shed also should be built near the dock in order 
to make the haul from the boat as short as possible. This structure 
may be of roughly cut timbers, log-cabin style (fig. 11). For clean- 
liness and sanitation dressed lumber should be used when prac- 
ticable. It is not essential to construct vats in which to brine-cure 
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or salt-pack fish. Limited quantities of fish can be salted in barrels 
or tierces. A cutting table or chopping block is an aid when dress- 
ing the fish as well as when cutting them into suitable sizes to feed. 

Most ranchers cook cereal with the fish at certain seasons of the 


B26772A 
Fic. 10.—Modern type of dwelling on fox island in southeastern Alaska 


year, and for this purpose build a caldron or a specially designed 
steam cooker either in the feed house or just outside. The steam 
cooker, although somewhat slower than a direct-fire caldron, cooks 
the food more thoroughly and without burning or scorching it. 


B24628 
Fie. 11.—Living quarters and outbuildings constructed from native timber 


Steam-pressure cookers of various sizes on the market hasten cook- 
ing and simplify the process. 

A smokehouse (fig. 12) for smoking fish or other feed for the 
foxes should be erected in the vicinity of the feed-storage house. 


12 BULLETIN 1350, U. S. DEPARTMENT OF AGRICULTURE 


As dressed fish must be carried or otherwise conveyed to the smoke- 
house, distance is an item to be considered. The size of the house 
depends upon the quantity of feed required. The one shown in Fig- 
ure 11 serves an island on which are 40 pairs of foxes. 

Foxes should not be killed and’ pelted in the building where feed 
is stored or prepared; if necessary, a special shed should be built 
for the purpose. Such use of the feed house would not be sanitary and, 
in addition, it would favor the chances of transmission of disease. 

Structures® for temporary occupancy, such as are required for 
injured, sick, or newly purchased foxes, may be comparatively small. 
The style and method of construction will depend upon the location 
and lay of the land. A temporary pen used for the purpose may be 
10 feet long, 6 feet wide, and 6 feet high. A frame of 2 by 4 ma- 
terial is entirely covered by No. 15-gauge wire netting of 114-inch 
mesh, with a small door in the 
front. As the pen rests di- 
rectly on the ground, it is well 
to cover the floor wire with 
sand or fine gravel and earth. 
This material should be re- 
moved frequently and clean 
dirt substituted to prevent 
contamination. A small nest 
box should be placed inside 
the pen, or outside and con- 
nected with it by a chute. 


TRAP-FEED HOUSES 


Trap-feed houses should be 
erected at various points, the 
number and the distance apart 
depending on the size and 
topography of the island as 
well as on the number of foxes 
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Fic. 12.—The five-tiered smokehouse ius. Yanched. ‘They provide | a 
trated will smoke and store about 5,000 place where foxes may eat un- 


salmon 
molested by eagles, ravens, and 


crows; and where they may be captured uninjured for marking or . 
examination, and when prime (fig. 13). They may be built of 
material at hand on the island; but dressed lumber makes a neater 
job, and houses so constructed are much more easily cleaned. ‘These 
houses should have a floor measurement of at least 6 by 8 feet and 
be high enough to permit a man to stand upright. 

There are two types of trap-feed houses. In one the foxes enter 
through a trap chute and eat on the floor of the house. In the 
other they eat on an upper floor and fall to the ground floor when 
they spring the trap (fig. 14). 

Figure 15 shows the first-mentioned type of trap-feed house with 
the trap installed. This trap, however, can be made to fit a house 
of almost any size or shape (fig. 16). A detailed drawing of the 


6 Information which will be helpful to those constructing pens for raising blue foxes 
is contained in U. 8. Dept. Agr. Bulletin No. 1151, “‘ Silver-Fox Farming.’ Blue prints 
of plans for constructing pens and dens may also be obtained free on application to U, 8, 
Department of Agriculture, Washington, D, C 
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construction and operation of the trap itself is given in Figure 17. 
Foxes arrive at the entrance to the chute (1) by means of a sloped 
board (2). The trap floor pieces 3 and 3’ are pivoted at 4 and 4’, 
respectively. To make them reset automaticaily, counterweights (5 
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Fie. 13.—An excellent type BE tran-feed Lo trap for which is detailed in Figures 
15 to 


and 5’) are placed on the lower side at opposite ends of the floor 
pieces. Floor piece 3 is securely locked and supported by the square 
notch (6) portion of the trigger (7). Floor piece 3’ rests lightly on 
the beveled (8) portion of the trigger (7) so that the weight of the 
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Fic. 14.—Lrap house in which the foxes eat on the second floor and when the trap 
is sprung fall to the floor below 


fox’s front feet on the ends of the floor piece 3’ depresses the board 
and forces outward the entire trigger, thus releasing the floor piece 
(3) from the support (6) portion of the trigger. Floor piece 3, 
with the weight of the hind part of the fox, and floor piece 3’, with 
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the weight of the fore part of the animal, pivot at 4 and 4’, respec- 
tively, and drop the fox to the floor of the house. 

The weight of the fox removed, the counterweights (5 and 5’) 
restore the floor pieces to position, ready for the next fox. The 
opening (9) of the inner end of the chute is ordinarily left open 


Fic. 15.—Front and side views of trap and feed house, with trap installed 


in order that the animals may come and go at will, but it is closed 
with wire netting when the trap device is to be used. The draw- 
ings illustrate a runway board (12), similar to the board (2) pre- 
viously mentioned, which is provided to permit free passage through 
the trap into the trap-house when desired. 


EXIT FROM CHUTE 
OWZO FEEDING PLATFORM ' 


a= 
FLATFORKM 


Fig. 16.—Trap and feed box that can be installed in a house of almost any description 


A light spring (10), pushing outward above the pivot of the 
trigger, insures the trigger returning to place. When the trap is 
not in use the trigger should be removed and a cleat nailed across 
the free ends of the trap floor boards of the chute, thus making 
the floor solid. The trigger (7) should be made of hardwood, or 
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the notch (6) and the bevel (8) faced with metal. All moving 
parts should fit accurately and work freely. 

The entrance (2) and exit (12) may be interchanged to meet 
conditions of installation. Where this is done, however, the posi- 
tions of the beveled notch (8) and the square notch (6) on. the 
trigger (7) will have to be reversed. 

Some ranchers make use of a box-trap similar to that shown in 
Figure 18. This type of trap is simple to construct, but is not very 
satisfactory for general use. It is sometimes used to capture foxes 
that have become too wary to be caught in trap-feed houses. In the 
front part is built a sliding door, temporarily held up by a nail in 
a slot. A wire fastened to this nail extends to the rear of the trap 
through a series of screw eyes, which serve to keep it straight. On 
the end of the wire the bait is fastened. When a fox enters the trap 
and gnaws at the bait the nail slips from the slot and drops the 
door. A treadle or pan is sometimes used instead of bait. To re- 


Fic. 17.—Details of construction of trap for feeding house. Operation described in text 


move the foxes, the lid (which is the board propping up the trap 
in fig. 18) is taken off. 


BREEDING STOCK AND EQUIPMENT 


The number of foxes to be purchased to stock an island depends 
very largely upon the financial ability of the person engaging in the 
industry and upon the size of the island. Some island ranches of 
100 or more acres have been started with only 1 or 2 pairs of breed- 
ers; but this is impractical, for the reason that much time is involved 
in waiting for a sufficient increase to permit the taking of pelts or 
the selling of breeding stock. A 50 to 100 acre island may ordinarily 
be stocked with 10 to 20 pairs of foxes. Good breeding stock can 
usually be purchased for $300 to $400 a pair. 

A moderate-sized dwelling of logs or frame construction for the 
caretaker and his family can be built for $500 to $2,000, depending 
largely on the cost of labor. Large islands sometimes require more 
than one dwelling to provide proper distribution of caretakers. A 
combined feed, storage, and cook house, frame construction, will cost 
$300 to $500. Smokehouses cost $500 to $700, depending upon the 
plan. Trap-feed houses, which should be erected at numerous points 
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about the island, cost $15 to $25 each, depending upon the quality of 
lumber used and the labor. Feed cookers can be constructed or pur- 
chased at a cost of $15 to $50. Detention pens are necessary to con- 
fine foxes during short periods for various purposes, and can be 
built for $25 to $50. 

A good, substantial boat is needed to procure fish for feed, to feed 
the foxes, and to transport supplies to and from the mainland or 
other points. The location of the island, harbor facilities, and the 
quantity of supplies to be transported will help determine the kind 
of boat to be purchased. A motor boat used for short, light hauls 
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Fic. 18.—A box trap used on some island fox ranches. The fox, feeding on the bait 
at the rear, pulls a wire which drops the entrance TOD: (Top removed and used 
to prop trap on side for showing interior wire) 


can be purchased for $600 to $1,000. A boat used for traversing 
long distances will cost $2,000 to kA. 000. 


ESSENTIALS OF BREEDING 


Success in fox raising is directly dependent upon a careful and 
intelligent selection of “the right type of breeding stock. Those 
engaged in the industry should have a clear conception of the im- 
portant factors involved in breeding. When the animals are con- 
fined in pens and the ancestry is known, selective breeding is a com- 
paratively simple matter. When the "foxes run wild and breed 
promiscuously, however, as is the case on the islands of Alaska, it 
1s impracticable to follow any definite system. In other words, the 
rancher is never quite sure that certain young foxes are the offspring 
of any particular pair of adults. Some ranchers, of course, may 
feel reasonably certain of the ancestry of one, two, or even three lit- 
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ters on an island, but this is generally a very small part of the 
breeding operations. 

The real basis for selecting breeding foxes is the quality of fur 
preduced. Indications from conformation occupy a secondary 
place. 

PELTS 


At the time the foxes are trapped to pelt, the rancher should care- 
fully select and retain desirable animals for breeding stock. The 
pelt a oald be perfectly and evenly furred all over, both on the back 
and on the ele A fur that is reasonably long, lustrous, and silky 
indicates that the animal is in good physical condition. The under- 
fur should be abundant, soft, and dark in color, the darker the bet- 
ter. Matted or woolly underfur is not desirable. (See fig. 19.) 

When prime, a blue fox should be a dark maltese color throughout 
the entire pelt. Clearness of color is one of the most important 
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Fic. 19.—Blue-fox pelts ready for inspection by raw-fur buyers 


factors in determining quality. Deficiency in luster and a rust or 
tinge, which gives a brownish or chocolate cast to the fur, reduce 
the value. A breeding fox possessing a rusty pelt, no matter to 
what degree, should be ‘eliminated. A “perfectly furred pelt, slightly 
tinged, is less valuable on the fur market than one fairly well furred 
but clear in color. Rust or tinge has been attributed to many causes, 
including breeding, feeding, “and sunlight. It is possible that 
heredity is a determining factor and that the undesirable char- 
acteristic can. be eliminated by careful selection. 

The term “samson” is applied to foxes devoid of guard hairs and 
having a very inferior woolly fur. This condition has been vari- 
ously ‘attributed to feeding, breeding, and parasites. The real cause 
is not definitely known, and for this reason it is highly inadvisable 
to use such foxes for breeding. The pelts have small value on the 
market. 
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The brush should be reasonably long, in order to balance properly 
with the length of the body. The general principles determining 
the quality of fur on other parts of the body are equally applicable 
to the brush. 

CONFORMATION 


Conformation involves the individual structure of each part as a 
unit. A defect in any part offsets to some extent an otherwise per- 
fect structure. Some parts, as the chest, back, loin, or leg, are rela- 
tively of greater importance than the others; a deficiency in such 
parts would have more effect on the serviceability of the whole than 
a similar inferiority elsewhere. 

Constitutional vigor is evidenced by a well-developed heart girth, 
chest, front flank, and loin, and both vixen and dog should be deep, 
wide, and well coupled in these regions. There should be no indica- 
tion of a pinched appearance behind the shoulders or in the loin. 
If breeding foxes are strong in these regions it is safe to assume that, 
other things being equal, they have strong lungs and heart, and con- 
sequently are stronger, healthier, and more able to resist disease. 


BREEDING 


It is to be constantly borne in mind that blue foxes are not domes- 
ticated animals in any sense of the term. ‘The purpose of breeding 
blue foxes is to produce good fur and to improve the stock. The 
business of blue-fox ranching is comparatively new, and he who wouid 
succeed in it must give it careful thought, study the moods of the 
animals, and prepare himself to meet intelligently emergencies as 
they arise. Many companies formed for the sole purpose of raising 
foxes have failed because of the great difficulty in hiring a keeper 
having the necessary personal interest in the welfare of the animals. 
The more thoroughly a man studies breeding practices and his foxes, 
the more closely he may approach a uniform degree cf success in his 
breeding operations. 

The only method of breed improvement that the blue-fox rancher 
can use, unless he is raising the animals in pens, 1s grading and close 
culling of inferior stock. On islands where steel traps are used 
instead of trap-feed houses, all animals trapped are killed. In this 
way the best may be killed and the poorest left for breeding stock. By 
use of trap-feed houses, however, the poorest animals can be killed 
and the best liberated for breeders. On islands formerly producing 
pelts having a high percentage of white hairs, this condition has now 
largely been eliminated by following this system, and the stock is 
darker and clearer colored. 

Grading is the mating of a common or relatively unimproved 
animal with one that is more highly improved. In the case of do- 
mestic animals the male is selected as the improved one of the pair 
for reasons of economy. In the blue-fox business, however, it is well 
for the improvement to be made both ways. Improvement by grad- 
ing is, of course, limited to the foxes on a particular island. This 
method distributes breed excellence rapidly and with certainty; 
that is, the unimproved blood soon becomes insignificant and finally 
disappears. Only those individuals meeting standard requirements 
should be retained for breeding. 
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Of the effective means at the command of the breeder to improve 
the stock, next in importance to selection is the judicious mating of 
related animals. This process is known as inbreeding. Inbreeding 
can be carried on successfully only where animals are kept in con- 
finement and their identity known. Following the method of grad- 
ing just described, however, and not introducing new and better 
males from other sources, would eventually result in inbreeding. 


TIME OF BREEDING 


Most blue-fox pups mate at the age of 10 months and produce 
young when they are about a year old. Apparently the breeding 
season varies slightly in different regions and at times is influenced 
_by variation in the climate. The mating season, or, as it is com- 
monly known among ranchers, the “barking” period, starts about 
the first of February and continues for approximately 40 days. 
Most of the matings occur during February and March. 

So far as known, the oestrum, or heat period, occurs once a year 
and lasts 3 or 4 days. While the vixen will accept service only at 
this time, it seems to make little difference whether it is early or 
late in the period. 

The gestation period is 51 or 52 days and the young are usually 
whelped in April or May, although sometimes as late as the middle 
of June. Litters vary in number from 1 to 14, but the average 
number raised is about 5. 


MATING 


Improving the stock by selective breeding will undoubtedly result 
in increased profits in fox raising. If the more remote as well as 
the immediate ancestors have been bred with the aim of producing 
extra fine pelts, then the chances are that this will be transmitted to 
most of the offspring from such matings. 

In selecting blue foxes for breeders, it is to be borne in mind 
that pelts have a tendency to become lighter with age. No foxes 
showing white markings in the fur should be kept for breeding. 
Occasionally, however, a blue fox may show a white star on its 
breast, but this is not objectionable. 

The possibilities of modification or improvement by selective 
breeding are fully as great with foxes as with domesticated animals, 
and selective breeding will therefore in time produce a much finer 
strain of foxes. 

Ordinarily blue foxes have only one mate, but occasionally a male 
will have two, and there are a few reports of a male having three. 


ESSENTIALS OF FEEDING 


The real object to be kept in mind in feeding foxes is to supply 
nutritive material for building and repairing the body and for pro- 
ducing good fur. The ration must be wholesome and acceptable, 
and at the same time reasonably cheap. Cleanliness in preparation 
and regularity in feeding are important. 

While it is recognized that it is almost impossible to follow out 
ideal systems of feeding under present conditions on islands, yet it 
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would be well to adopt as nearly as possible the methods here out- 
lined. 

For the best results, a palatable feed must be provided. The same 
combinations should be used steadily, and sudden changes either in 
the diet or in the manner of feeding should be avoided. It is not 
meant that the same kinds of feed should be given during every sea- 
son of the year; but the danger is pointed out that foxes may be 
“thrown off their feed” by such radical changes as occur when a 
rancher suddenly adopts a new ration on learning of another’s suc- 
cess with it. 

KINDS OF FEED 


As fish is readily obtainable in this region and forms part of the 
natural diet of blue foxes, it constitutes in one form or another the ~ 
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Fie. 20.—Dall porpoises are used dot some patent as a fox feed. (Photograph by 
. L. Hill) 


major part of the feed. Salmon, cod, halibut, rockfish, skates, and 
herring are all used. The kind most commonly fed, however, is sal- 
mon, because of its comparative abundance during the summer and 
of the fact that many ranchers are able to obtain heads and discarded 
fish from local canneries. In localities where hair seals, porpoises, 
and white whales can be procured, these also are used. (Fig. 20.) 
Occasionally larger whales drift or are towed ashore, and foxes have 
been fed on them. 

Mushes also form part of the diet, and are made of a variety of 
ingredients. Cereals, such as rice, oatmeal, bran, shorts, middlings, 
bread, and cracker waste, are used, and in some cases seal, whale, and 
porpoise oil. Ranchers who can raise root crops have added potatoes 
and turnips. These vegetables are never fed raw. Where obtain- 
able, cracklings resulting from the rendering of lard in packing 
houses are used extensively. 
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A ration composed of a variety of feeds gives better results than a 


very simple fare, even though the latter supplies the proper propor- 
tion of proteins, carbohydrates, fats, and minerals. 


METHODS OF PREPARING AND FEEDING 


The preparation of the feed and the method of feeding have a 
great influence on the breeding of foxes and the production of fine 
pelts. Only clean and wholesome food should be supplied—never 
putrid or diseased material. A few extra dollars spent to obtain the 
right kind may save many hundreds later, for a proper diet and 
satisfactory methods of feeding are important factors in lessening 
the chances of outbreaks of disease. 

Fish are generally obtained by the rancher fresh from the water; 
or, if the ranch is near a cannery, cull fish and refuse may be pro- 
cured. (Fig. 21.) Fish may be fed fresh, salted, smoked, or dried. 
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Fic. 21.—Cull fish and fish refuse from canneries are used for fox feed 


Formerly most ranchers prepared their fish for winter by salting, 
but more recently many have adopted the method of smoking and 
drying a large portion. The process of smoking is practically the 
same as that followed with fish intended for human consumption; 
that is, each one is split, cleaned, and hung in a smokehouse until 
lightly smoked. If the smokehouse is of sufficient capacity, the fish 
may remain there until needed. This enables the rancher to supply 
a little heat occasionally to prevent mildewing. Where climatic 
conditions permit, fish are dried in the sun without smoking and 
then stored in a dry place until needed for winter feeding. 
(Fig. 22.) 

In salting, the fish are split and cleaned and each piece rubbed 
lightly with salt and packed tightly in barrels or tanks, or the 
cleaned pieces may be placed in layers and the salt sprinkled over 
them. The same method is followed with fish heads. 

Some ranchers report satisfactory results in packing both fish and 
whale meat in fish, whale, or seal oil. Their experiments were made 


De BULLETIN 1350, U. S. DEPARTMENT OF AGRICULTURE 


for the purpose of determining the value of the oil as a preservative 
and whether or not it is palatable to the foxes. 

Dried and smoked fish has the advantage over other feeds that it 
can be fed without any further preparation and does not freeze in 
winter. Some ranchers, however, cook it in mushes. It is essential 
that all salt fish be soaked in running water for a period of five 
days to a week before being used. (Fig. 23.) It can then be given 
to the foxes without further preparation, or be cooked in mushes. 

All mushes fed to foxes are prepared along one general line. The 
chief ingredient is generally fish in one form or another. This is 
boiled for a time, and then there is added rice, finely ground wheat, 
or rolled oats. All of these cereals may be used, but one is sufficient. 
Chopped vegetables, such as potatoes, turnips, or mangels, may be 
added and the whole boiled until the cereals and vegetables are © 
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Fie. 22. 


Fish being dried in the sun for storing for winter use 


thoroughly cooked. Whale, seal, or fish oil is sometimes added and 
thoroughly mixed in. This forms a reasonably thick mush. The 
relative proportions of the various ingredients are roughly as fol- 
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Feed can be cooked in large kettles over an open fireplace or in 
the double-boiler manner. Although it cooks more quickly in ket- 
tles, there is danger of burning it. The use of a double boiler, 
though slower, prevents this. To simplify the process some silver- 
fox ranchers use a steam-pressure cooker. Where this is prac- 
ee it would be entirely satisfactory for the blue-fox rancher 
also. 

A number of kinds of fox biscuits can be purchased, but analyses 
have shown that the majority are deficient in the needed mineral 
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material. Biscuits prepared according to the following recipe have 
been used successfully and are relished .by young as well as old 
foxes: 

Biscuits—To a mixture of ground whole wheat, middlings, and cracker 
waste weighing 70 pounds, add 1 pound of baking powder and 30 pounds of 
eracklings or fish meal. Mix with enough water to form a stiff dough. Place 
in pans approximately 10 by 12 inches in size and 114 inches deep, and bake 
in a slow oven 14% to 2 hours. 

When thoroughly baked these biscuits are not dry and hard, but 
are more like cake. They are not fed fresh, but are allowed to stand 
for a day or two. 

All feed should be given in dishes, preferably of aluminum or 
earthenware. Under no circumstances should it be thrown on the 
ground, as such practice makes it impossible to keep the surround- 
ings clean and sanitary and the feed itself from becoming con- 
taminated. | 
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Fic, 23.—A basket arrangement like geal flngepted is built in a stream to freshen 
sa s 


Fresh clean water should be accessible to the foxes at all times, 
whether supplied by streams on the island or placed in dishes. 


QUANTITY AND FREQUENCY OF FEEDING 


The quantity of feed supplied depends entirely on the season of the 
year and the age, appetite, and condition of the stock. Foxes should 
be fed fairly heavily just before the breeding season, so they will 
be in good, vigorous condition. Some ranchers believe that heavy 
feeding at this time will bring on the oestrum quicker and increase 
the chances of conception. Forced feeding has a tendency to make 
the fur prime sooner than it would be naturally, but the advisability 
of practicing this is questionable, because in many cases the fur 
thus becomes prime betore the skin. 

Appetite is a good index to feeding, and the quantity of feed 
supplied should be regulated so that the foxes will remain active 
and show an eagerness to eat. 
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In the early days of island fox farming few, if any, of the 
ranchers fed their animals, and the foxes were compelled to forage 
for their food, living on rodents, birds, and such material as they 
could find on the beach. While such practices resulted in small 
litters and high mortality, a number of ranchers still follow them, 
but the more successful are giving considerable attention to methods 
and time of feeding. There is still room for improvement, how- 
ever, for although some ranchers feed every day, others feed only 
every other day or only twice a week. Those who feed at long 
intervals place the feed at widely separated points on the island, 
while those who feed more frequently usually have more evenly 
distributed feeding places. Feeding in quantity at widely sepa- 
rated points results in the animals’ colonizing in the vicinity of 
these places. 

Wherever possible the foxes should be fed once a day. The feed, 
no matter of what kind, should never be thrown on the ground or 
on the floor of the trap house, but should always be placed in dishes. 

During the whelping season, fish—either fresh, dried, salted, or 
smoked—should be cut into convenient sizes so that the adult foxes 
can carry it to the dens for the young. It is very important that 
plenty of feed. be supplied at this time to insure that the pups shall 
receive sufficient nourishment. In every case where it is at all prac- 
ticable to do so, it will well repay the rancher to carry feed and 
water to dens where young are known to be. Five-gallon oil cans 
with the tops cut out and wooden handles ‘fitted in, or galvanized 
buckets are used for carrying feed to the foxes. 

Difficulty is often experienced at the pelting season in inducing 
the foxes to go into the trap house. This can be avoided if a prac- 
tice is made of feeding the animals in these houses regularly at all 
seasons. It has the further advantage of furnishing old as well as 
young foxes a sheltered place in which to eat, thus protecting both 
the feed and the animals from eagles. 


TRANSPORTATION 


Foxes in good condition can be shipped almost any distance; but 
if the journey is long, as is generally the case in Alaska, or the ship- 
ment large, it is well to have an attendant go along to feed and care 
for the animals. Foxes can go without feed for two or three days 
with no apparent ill effects. In transit they have a tendency to lose 
their appetites, and should be fed carefully, although fresh water 
should always be supplied. Small pieces of meat, preferably liver 
or beef, and fox biscuit may be given. 

It is not advisable to place more than one fox in a compartment 
of a shipping crate. A crate 2 feet high containing two compart- 
ments and having a total floor space of approximately 2 by 314 feet 
is large enough to carry a pair of foxes. It should be made of wood, 
and wire of 1-inch mesh should be nailed inside to prevent the foxes 
from chewing the wood. In the front of each compartment dishes 
for feed and water should be fastened where they can be filled from 
the outside. A good substantial crate, such as is detailed in Figure 
24, receives better treatment in transit than a poor one. 
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PELTING 


The business of fox raising is based on pelt value, and the most 
successful fox ranchers market some pelts every year. This, of 
course, can not be done on islands where the business has just started. 
In such cases it will be necessary to wait two or three years for the 
stock to increase. 

It is not good practice to pelt pups, as their skins lack finish both 
in the fur and in the leather. Occasionally a pup skin of exceptional 
development sells for a good price, but this is not the rule. It is 
better for the rancher to carry the young over until they are at least 
a year and a half old and the pelt has developed into a more market- 
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Fic. 24.—Shipping crate for two foxes. made of %-inch material, tongue-and-groove 
bottom, and 1-inch mesh, 14-gauge wire netting 


able skin. Foxes not desirable for breeders, however, should be 
pelted at the first opportunity. 

When animals are caught for examination and pelting, those not 
killed should be marked in order to show that they have been trapped 
and then released for breeding. Males can be marked by clipping a 
ring of fur around the tail near the body. Females can be marked 
in the same manner, the ring clipped being near the tip of the tail. 
Records should be kept of animals pelted and of those released for 
breeding. Wherever practicable more females should be left than 
males. 


PRIMENESS 


Pelts of foxes usually become prime in November or December, 
depending upon the weather, climate, and feeding. Primeness is 
the highest perfection of quality in a pelt. When the pelt shows 
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high quality and finish, determined by its texture and sheen, it is 
said to be prime. | 

Ability to judge primeness comes only through experience. When 
the fur is coming prime it does so rapidly, and after it reaches the 
peak of perfection it soon becomes overprime, losing its sheen and 
finish. When foxes are running wild this point can not be watched 
so closely as when they are raised in pens. 


KILLING 


In killing, the method generally pursued is for the caretaker to 
catch the fox with the tongs (fig. 25), lay it on its side, and then 
press his foot on its chest. Striking the fox on the back of the head 
with a club leaves a blood clot on the pelt and sometimes cuts it. 
A more humane and satisfactory method of killing is by the injection 
of a solution of strychnine sulfate. Objection has been made to 
this on the supposition that strychnine may injure the pelt by caus- 
ing the hair to fall out. This, however, is not the case. The effect, 
if any, of strychnine on 
the hair follicles is con- 
tracting rather than relax- 
ing. | 

The operation of inject- 
ing strychnine is very sim- 
ple. The instrument used 
is a small hypodermic bar- 
Fic. 25.—Diagram showing operation of fox tongs. rel syringe with a reason- 
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quantity of a 3 per cent 
solution of strychnine sulfate. The syringe is filled with the solution 
and the gauge set for 1 cubic centimeter. The fox is placed on its 
right side and held by an attendant. The operator places his hand 
on the chest to locate the heart, at the same time feeling for a space 
between the ribs to avoid running the needle into the bone. The 
needle is inserted in the direction of the heart and the dose discharged. 
In less than a minute the fox dies without a struggle. Great care 
should be exercised in using strychnine as it is a deadly poison. 


SKINNING 


After the animal heat leaves the body the flesh shrinks from the 
skin, thus permitting the pelt to be removed more easily and keep- 
ing the skin side free from blood. Cooling will take place in about 
half an hour, but during this interval care should be taken to 
prevent the carcass from freezing. 

The only tool needed in skinning a fox is a jackknife, and this 
should be kept sharp during the operation. A slit is made up the 
back of each hind leg, starting at the inside of the paw and run- 
ning to the hock, then from the hock to a point just below the root 
of the tail. The back of each front leg is slit in the same manner 
from the paw to the first joint. The skin of the hind legs is then 
worked free from the flesh from the first joint to the claws, and 
the bones of the claws are cut free from the pelt, but the nails are 
allowed to remain with the skin, A slit on the under side is made 
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from the root of the tail about half its length and all of the tail 
bone is pulled out of the brush. 

The carcass is then hung on a hook or nail by the tendons of the 
hock joints and the pelt is pulled down, the knife being used when- 
ever necessary to free it, until it is removed as far as the neck. 
Careful work is necessary to cut around the base of the ears, in- 
cluding them in the pelt, then around the eyes, and around the 
mouth and lips in such way as not 
to injure their margins. Car- 
casses should be disposed of im- 
mediately by burying or burning. 


DRYING PELTS 


As soon as it is taken from the 
carcass the pelt is placed flesh 
side out on a wooden frame for 
drying. This may be made of soft- 
wood one-half to five-eighths of 
an inch thick. Soft material will 
facilitate drying and the drawing 
of tacks. A board 45 inches long 
and approximately 7 inches wide 
should be used, tapering at the 
end so as to enter the nose. Ata 
distance of 12 inches from the nose 
the board should be 6 inches wide, 
and at the base 7 inches. Cut the 
beard in halves, lengthwise, and 
on the sides of one of the pieces 
fasten two cleats extending at right 
angles at the base, so that when 
the frame is inserted into a pelt 
and a wedge is forced in to stretch 
it tight there will be no overlap- 
ping of the boards (fig. 26). By 
varying the size of the wedge any 
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Ma. 26.—Frame for drying pelts. In- 
and small pelts. No more stretch- stead of having a middle wedge, some 
ing should be done than is re- frames are made in one piece and 
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ral shape, for undue stretching detracts from the value of the pelt. 
To allow the skin to dry, the hind legs and tail are fastened to the 
frame by means of tacks and small strips of wood, and the front legs 
are tacked to small pieces of wood, as illustrated in Figure 27. 

A tablespoon is used as a scraper to flesh the skin and remove any 
excess fat. Scraping should not be so close as to remove all the fat 
and part of the membrane, for this will make the skin shrink from 
the roots of the guard hairs, permitting them to be pulled out, thus 
limiting the life of the pelt. Fur buyers look for this defect, and 
skins having it are severely cut in price. 

After the skin has been fleshed and dried on the frame for a day 
or so, depending on conditions, it. should be taken off, turned fur 
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side out, and immediately replaced. After another day or two it 
should be again removed and hung on a rope to finish drying. The 
drying usually takes about four or five days, and should not be hur- 
ried by use of artificial heat as this has a tendency to injure it. 
After the skin is thoroughly dry it is shaken vigorously and 
worked with the hand to make it pliable. It is then brushed with 
a stiff brush and rubbed with burlap to remove all foreign mate- 
rial. A comb may be used, if necessary, to remove dead hairs. All 
cleaning is done by hand, and no chemicals should be applied. 
Frequent handling and brushing 
at this time does not injure the 
pelt, but rather puts it in better 
condition for the raw-fur market. 


CHARACTERISTICS OF A 
GOOD PELT 


Primeness.—In general, in judg- 
ing a blue-fox pelt the main thing 
to be kept in mind is quality, and 
this is affected by many factors. 
First, the pelt must be prime. 
This is determined by examining 
the skin side, which, if the pelt is 
fresh, should be fairly white or 
cream-colored and show some 
“life” when handled. This side 
turns yellow with age and loses its 
firmness. The skin should be per- 
fectly and evenly furred, both on 
the back and on the belly, with the 
fur reasonably long, lustrous, and 
silky. Guard hairs should be 
evenly and thickly distributed, as 
the silky texture and luster are 
largely dependent upon them. 
The brush should be sufficiently 
long to maintain a balance with 
the rest of the pelt. There should 
be no rubbed spots or defects. 

Clearness of color is an impor- 

Fic, 27.—Pelts on drying frames, illus: tant factor in determining the 

Ec DRG ae eee drying quality of a pelt. There should be 

no tinge or rust to give the charac- 

teristic chocolate or brownish cast. Car eful fur buyers make a greater 

cut in the price of a pelt having a rust or tinge than for any other 

defect. As a rule, more is paid for a clear, bright- colored pelt not 

so well furred than for a well-furred skin with a brownish or faded 
appearance. 

Size is the last consideration in valuing a pelt. A difference of 3, 
4, or 5 inches does not reduce the value of a skin, provided it passes 
other requirements. An extra large pelt is not desirable, for the 
principal reason that it is not becoming to the average wearer. 
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LOSSES FROM DEPREDATIONS 


Some losses among foxes are caused by predatory birds and mam- 
mals. Eagles are widely charged with catching young foxes, and 
there are authentic records of their doing so. The fur farmer is 
well warranted in making war upon them in the vicinity of the fox 
ranch. Wolves have been reported as killing foxes, but it is believed 
that instances are rare. 

The extent of losses from poaching is not known. Marking ani- 
mals and skins with registered brands, as required by Territorial law, 
reduces the likelihood of handling stolen skins. The drastic laws 
and substantial penalties now imposed are reducing losses from 
poaching. 


SANITATION AND TREATMENT OF DISEASE? 


The diseases of the blue fox in Alaska are few, and the distances 
between islands lessen the danger of transmission of diseases and 
parasites. In maintaining the health of foxes, preventive measures 
against disease must be chiefly relied upon. With the blue fox the 
prevention of disease is far easier than its treatment. 

Sanitation.—Places frequented by foxes should be kept reasonably 
clean, particularly in the vicinity of the dens and feeding grounds. 
This is very difficult, especially where foxes are at liberty to roam an 
entire island; but in spite of this, some attempts to clean up should 
be made. 

Close attention should be given to the methods of feeding. Noth- 
ing but clean, wholesome feed should be given. Animals that have 
died should not be fed to foxes unless the meat can be made safe by 
thorough cooking. No moldy feed should ever be used, as it’ causes 
diarrhea and sometimes death. Foxes can not be prevented from 
carrying food into their dens, but this habit can be lessened by feed- 
ing them at regular intervals and by giving only as much as will be 
consumed with relish. Food left at the dens or the feed houses for 
any length of time will mold or otherwise spoil. All dishes used 
should be clean and the water supplied should be pure and fresh. 

When blue foxes are first purchased they should be carefully 
examined for any abnormal conditions. Even though apparently in 
good health, they should be placed in pens and kept under quaran- 
tine and close observation two to four weeks before being turned 
loose. Sick animals should be captured and isolated at once to pre- 
vent the spread of disease; and if disease breaks out on an island 
or on a ranch, a strict quarantine should be maintained. 

Dead foxes should never be permitted to lie around, but should 
be burned or buried. If it is desirable to examine a dead body, cut 
open the chest and abdomen the entire length. Examine the stomach 
and intestines for worms. If pneumonia was the cause of death, the 
lungs will be a dull red and will sink when placed in water. 


7 This section was prepared by D. I. Buckingham, a veterinarian sent to Alaska by the 
Biological Survey during the summer of 1924 to investigate blue-fox farms, particularly 
on islands, with special attention to the matter of sanitation and disease. 
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Treatment of disease —Taking measures looking toward sanitation 
and the prevention of disease are functions of the fox farmer. 
Treating disease, however, calls for a veterinarian, and the diagnosis 
of disease and the administration of drugs are the province of ex- 
perts. A fox farmer’s general knowledge of diseases and the appli- 
cation of remedies is naturally limited. Blue foxes are difficult to 
treat, and in administering remedies it is necessary to employ strat- 
egy. Mature foxes usually can not be treated successfully except by 
catching and then restraining them with either wooden or metal 
tongs, such as are advertised extensively in fur-farming magazines — 
(see fig. 25). Sometimes the fox can be induced to eat tasteless 
medicine placed in food. . 

When fox pups start to look for food they sometimes eat to 
excess, and the resulting indigestion is indicated by cramps or colic. 
A fox showing such symptoms should be captured and given 1 or 2 
teaspoonfuls of castor oil. If the animal is cold or has been wet it 
should be kept warm and confined in a box; if it is bloated or 
swollen, Epsom salt should be administered, one-half teaspoonful 
in 2 tablespoonfuls of hot water. No food should be given but hot 
milk or hot beef tea. Rough handling should be avoided, and time 
enough should be allowed for the frightened puppy properly to 
swallow liquids. A fatal pneumonia is apt to be caused by pouring 
more liquid into the mouth than can be swallowed. 

Foot disease is a pus infection. It is first localized in the sweat 
glands between the toes and then spreads into the lymph channels 
and the blood-stream, causing a lymphangitis with extreme swelling 
of the foot. A number of cases have developed into gangrene of the 
foot bones as well as multiple abscesses along the back and tail. One 
case revealed on post mortem an acute abscess of the dorsal gland 
of the tail, with other clinical symptoms of pyemia. The so-called 
foot disease may be communicable, but the general indications are 
that it is not. The causes of foot disease are not definitely known, 
but extreme moisture, insanitary dens and surroundings, or faulty 
feeding may be causative factors. Affected parts of blue foxes hav- 
ing foot disease are being examined by specialists of the Bureau of 
Animal Industry, and the findings will be made known as soon as 
definite information is obtained. 

Wounds —The lameness sometimes noted in young foxes found on 
the shore is generally due to wounds from stepping on sea urchins, 
one of their favorite foods. The spines of sea urchins are very 
sharp and sometimes will penetrate the sole of a shoe. 

Slight wounds of the skin from bites and lacerations from other 
foxes readily heal because of the dust-free air and licking by the 
animals, but large wounds should be treated. If the wound has 
hanging flaps, cut them off. Remove all hair, grit, and pus from the 
sore, and then flush it with peroxide of hydrogen. After the wound 
has been properly cleansed, apply boric acid 4 parts and alum 1 part. 

Cannibalism.—Cannibalism among foxes is not normal. Some 
authorities believe that it is purely a mental disorder, though it may 
be further increased by the taste of blood. There seems also to be 
an instinct among wild animals to kill sick mates. The vixen’s 
desire to destroy her young may result from any of a number of 
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causes. If constipated, she becomes feverish and develops an ab- 
normal appetite, and in this condition may eat her pups. To pre- 
vent this, laxative feeds, as cod-liver oil, eggs, liver, linseed-oil 
meal, and biscuits, should be fed during pregnancy. Undue excite- 
ment or injury during this period may also influence the destruction 
of young. Some ranchers have advocated the feeding of salt pork 
and salt fish to eliminate this tendency, but this remedy is not always 
successful. Extraction of canine teeth is a mechanical way of 
stopping widespread injuries and losses from cannibalism. 

First-aid remedies—The following remedies should be kept on 
all fox farms in about the quantities mentioned : 


Alum (dried), 4 ounces. 


For light bleeding. _Added to boracie acid, 1 part in 4, it makes a non- 
poisonous dusting or wound powder. 


Boracic (boric) acid, 1 pound. 
Nonpoisonous and used freely as a dusting powder on open wounds. Dis- 
solved in hot water it is valuable for bathing inflamed parts. 
Epsom salt, 1 pound. 
For use as a laxative,.1 teaspoonful in half a glass of warm water. 
Hlaxseed, 1 pound. 


For warm, antiseptic poultices for boils, abscesses, and swollen feet. 
Boil in water until it assumes the consistency of a thick mush and apply 
wh:.le warm and moist. 


Iodine (tincture), 4 ounces. 

Used in full strength just as for human cuts and wounds, 
Lysol (1 to 2 per cent), 8 ounces. 

Disinfectant and antiseptic. Follow directions on bottle. 
Peroxide of hydrogen, 1 pound. 

Follow instructions on bottle and the directions in this bulletin. 
Sulfur (powdered), 1 pound. 


Use in ointment made with 1 part sulfur and 4 parts lard, or other pure 
fatty base, for skin diseases and bald spots. 


FAILURES AND ABANDONMENTS 


In the course of the development of the blue-fox industry, there 
have been a number of failures and abandonments of undertakings. 
Almost every one of these can be attributed to neglect of important 
factors of one kind or another. Some ranchers have attempted to 
raise foxes by placing a few animals on an island and then going 
away for long periods and leaving them to take care of themselves; 
others have left negligent or incompetent caretakers in charge; and 
still others, starting without sufficient capital to carry them to a 
producing state, have been compelled to neglect or even to abandon 
the industry. Failures under such conditions are not surprising, for 
successful fur farming requires the same attention and energy that 
is necessary to success in any other business. 
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BREEDERS’ ASSOCIATIONS AND RANCHES 


Blue-fox raising in Alaska has increased rapidly in the past few 
years. At present (1925) there are four breeders’ associations rep- 
resenting the industry in the Territory, as follows: 

The Southeastern Alaska Blue Fox Farmers Association, at Juneau. 

The Blue Fox Farmers Association of South Central Alaska, at Cordova. 

Cook Inlet Silver and Blue Fox Breeders Association, at Seldovia. 

Southwestern Alaska Blue Fox and Fur Farmers Association, at Kodiak. 

According to the most recent reports to the Biological Survey, 
there are 232 ranches in the Territory, distributed as follows: In 


B2753M 


Fig. 28.—White foxes in pens at Shishmaref, on the Seward Peninsula. Overhead 
wire is necessary to prevent the foxes from; escaping over snowdrifts 


southeastern Alaska, 129; in the Prince William Sound region, 36; 
in the Lower Cook Inlet region, 14; in the Kodiak-Afognak region, 
14; in the islands off the Alaska Peninsula, 13; and in the Aleutian 
Islands region, 26. 


WHITE-FOX FARMING IN NORTHERN ALASKA 


Several experiments have been undertaken by individuals in north- 
ern Alaska in raising white foxes for their fur. The white fox is 
the normal phase of the Arctic fox Alopex, as noted on page 3 of this 
bulletin, and the description of the white and blue phases and their 
relationships are there mentioned. The experiments already under- 
taken have indicated the possibility that white-fox farming will be- 
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come an important part of the fox-farming industry, not only of 
Alaska, but wherever the animals are found in the pure white, or 
_normal, phase. 

The increasing demand for fox furs is evidenced by the growth of 
the fox-farming industry, and that white foxes will play an impor- 
tant part in its future is indicated by the fact that of 92 permits issued 
in 1925 by the department for the capture of Alaskan fur bearers for 
propagating purposes, 33 were for taking white foxes. Persons 
engaged in the production of white foxes in the northern parts of 
Alaska are optimistic regarding the future of the industry and pre- 
dict that it will some day equal or even surpass other industries 
which to-day are of much greater importance in the Territory. 

The habitat of the Arctic or white fox is limited chiefly to the 
north polar regions, but extends south as far as Labrador. In the 
wild the white fox is more common than its relative in the blue 

hase. 

: Although the white fox is one of the smaller foxes existing, its 
pelt is one of the most popular. The estimated annual production 
of white-fox pelts in 1925 was as follows: North America, 30,000; 
Asia, 25,000; and Europe, 10,000. The prices paid for pelts are con- 
trolled largely by the relative scarcity of the animals and the market 
demand. Blue-fox pelts generally sell for much more than those of 
white foxes. Owing to the difference in the price of the skins many 
white pelts are dyed to imitate the natural blue. White-fox pelts are 
dyed various other shades also to harmonize with present-day colors 
in dress. 

Like silver foxes, white foxes are confined in pens (fig. 28) and 
a number of ranches for them have been established on the Seward 
Peninsula. This section of Alaska is well adapted to fox ranching 
because of the abundance of cheap food, as herring, humpbacked 
salmon, seal meat, and reindeer offal, which white foxes take readily. 
The production of these animals in captivity has not been carried 
on long enough, however, to give definite advice regarding their 
feeding, breeding, and handling. The information found in this 
bulletin and in Department Bulletin 1151, “ Silver-fox Farming,” 
will be found helpful to pioneers in white-fox raising. 
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ECONOMIC RELATIONS 


During the summer almost anywhere in the United States at least 
one species of vireo, and usually more than one, is to be found flitting 
about in the trees or shrubbery. In the eastern and central parts of 
the country the common species is the red-eyed vireo, which is con- 
sidered the most abundant of all species of woodland birds. Others 
more or less common in the East are the white-eyed, warbling, and 
yellow-throated vireos, and in the far West there is another form of 
the warbling vireo that is abundant. The Philadelphia, the blue- 
headed, the Hutton, and the Bell vireos are found more or less 
locally. The black-whiskered vireo in the United States is found only 
in Florida, and the gray vireo is confined to the southwestern portion 
of the country where it is not at all common. One other species, the 
black-capped vireo (Vireo atricapillus), is very rare in the United 
States, and as no stomachs have reached the collection of the Bio- 
logical Survey nothing can be said concerning its food habits. 

Though in general the food items of all the vireos are very similar, 
their proportions vary in the diet of different species. For instance, 
the food of the red-eyed vireo is made up of about seven-eighths 
animal matter and one-eighth vegetable, whereas that of the yellow- 
throat contains vegetable matter only to the extent of one-fiftieth 
of the total, and that of the Bell vireos ppperenthy to an even less 
extent. Caterpillars make up an eighth of the food of the Hutton and 
more than a third of the warbling vireos. Bugs are seldom eaten by 
the Philadelphia vireo and amount to but a tenth of the food, whereas 


1 Doctor Chapin has been transferred from the Biological Survey to the Zoological Division of the Bureau 
« Animal Industry since preparing this report. 
60209—-25t——1 1 
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the Hutton vireos obtain nearly half their food from this source. 
Stink-bugs form about a fifth of the food of both the blue-headed and 
the Hutton vireos. The red-eyed and Philadelphia vireos each 
make nearly a seventh part of their food of wasps and other hymenop- 
terous insects, whereas the other vireos take barely half as much of 
this kind of food. Beetles form about an eighth of the total food 
of vireos, but in the case of the Philadelphia vireo they are a favored 
article of diet and amount to nearly a fourth. The useful ladybird 
beetles are notable in the diet of these birds and are especially im- 
portant with the warbling and Hutton vireos, in each species amount- 
ing to about a twelfth of the food. 

ost of the insects in the food of the vireos are either neutral or 
definitely injurious in their economic relations and may be placed 
on the credit side of the account of these birds. All vireos are 
especially fond of caterpillars, creatures which are almost exclusively 
injurious. Scale insects, which are uniformly destructive and num- 
bered among the worst pests of horticulture, are a notable item of 
vireo food; and other tree pests, as round-headed and flat-headed 
borers, leaf beetles, click beetles, leaf hoppers, and tree hoppers are 
freely eaten. Weevils, a group of beetles whose very name has 
become almost a synonym for pest, also are preyed upon. Among 
the species taken are such well-known destructive forms as the clover- 
root, clover-leaf, cotton-boll, and nut weevils, the plum curculio, and 
bark beetles. Vireos must be given credit also for destroying ants 
and grasshoppers. 

Useful insects taken by the vireos include some of the hymenop- 
terans, predacious bugs, and beetles, among which are ladybird 
beetles (Coccinellidae). Vireos either find more ladybirds in the 
ordinary course of their feeding habits than do most other. birds, 
or specialize upon them, an unfortunate habit economically, as these 
beetles are almost uniformly beneficial. Since vireos themselves 
devour many of the pests attacked by ladybirds, however, and since 
their capacity is so much greater, their depredations on ladybirds 
must be excused on the principle that the greater pest destroyer is 
more valuable than the lesser. 


TaBLE 1.—Percentages of various items in the food of vireos 


Elate- 
~ ridae | 
um- a. iS up- 3 
< ber of | Animal Vege- Scara- Cocei- | Chry- resti- Other | Rhyn 
Species Beate || earl table Teena nelli- | some- dee Cole- | choph- 
’ 
wae food dae lidae Gara optera | ora 
byci- 
dae 
Black-whiskered vireo ( Vire- Al) 87250j)¢) 120505 |e lke oe ae 2a ee 15. 75 2. 50 
osylva calidris) _____---_-_-- 
Red-eyed vireo ( Vireosylva 
OlitaCed) ee ae ee eS 569 | 85.28 | 14.72 3.31 1. 29 1. 63 2.70 .78 1,13 
Philadelphia vireo ( Vzreo- 
sywa philadelphica)-____-__-- 75 | 92.78 tee 6. 94 5. 03 7.99 . 96 47 3. 43 
Warbling vireos ( Vireosylva 
gilva, subspp.) .------------ 340 | 94.24 5. 76 1. 28 8. 74 2. 48 1. 03 455 1.45 
Yellow-throated vireo (Lani- 
vireo fiavifrons)_.-_--_____-- 160 | 98. 26 1. 74 1, 84 . 62 . 82 3. 57 1. 82 4, 23 
Blue-headed vireos (Lani- 
vireo solitarius, subspp.)--- 306 | 96.32 3. 68 1. 67 4. 88 . 96 3.39 . 81 1.80 
White-eyed vireos (Vireo 
griseus, Subspp.) ._-----___- 221 | 88.24] 11.76 . 66 1. 36 3. 78 2.31 1. 46 3.21 
Hutton vireos ( Vireo huttoni, 
SUDSDD!) 22s ee 70 | 98.23 1.77 22h 8. 12 325 . 85 1.01 2.75 
Bell vireos (Vireo belli, sub- 
SDDS) eee ae aaa Sara 52 | 99.30 SO) eae oe 2.19 3. 98 1. 69 1.31 6. 09 
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TaBLeE 1.—Percentages of various items in the food of vireos—Continued 


ater. | Other | Penta-| Other | Hy- ce Other 
Species. Gale Lepid-| tomi- | Hemi- | men- ras ence, anc animal 
p optera| dae | ptera | optera nida | matter 
Black-whiskered vireo ( Vire- 
osylva calidris)_.____.------ 11.75 2750 yee be 8 2.75 3200) |Se=seee = 10.00} 39.25 |____-__. 
Red-eyed vireo ( Vireosylva 
GEILE D) & ES 32. 43 2.76 7.03 8. 33 10. 79 4, 46 4, 59 4.05 | Trace. 
Philadelphia vireo (Vireo- 
sylva philadelphica) _______-- 24.13 2.17 1. 67 8.79 | 13.96 11. 76 1.14 AOA) ees eee 
Warbling vireos ( Vireosylva 
gilva, subspp.)------------- 35.400) 4:99) 5, 47am o4n le 5:97) mn Gu4G |) vedas inl74u aoe nee 
Yellow-throated vireo (Lani- 
vireo flavifrons)___________.- 23. 10 19. 35 15. 50 7. 62 5. 07 7. 36 4.92 2. 38 0. 06 
Blue-headed vireos (Lani- 
virco solitarius, subspp.)--_| 22. 49 9.31 | 20.13} 10.29 6. 86 4,29 6. 56 2. 63 25 
White-eyed vireos (Vireo 
griseus, subspp.)----------- 20. 66 9, 83 8.56 | 11.71 7. 23 4.41 9.10 3. 59 Ot 
Hutton vireos ( Vireo huttoni, 
2 iii) eee L222 12. 23 20: 15 e2ba3 6. 30 2. 99 3. 21 2 Oe | eplleaaaereeae 
Bell vireos (Vireo belli, sub- 
Grit. 2 3 Le eee 15. 89 4. 74 9. 34 25. 09 6. 44 .78 18. 77 45 (fl . 28 


In the fall, winter, and spring months, when insects are in hiberna- 
tion, the vireos which remain in this country turn to plants for 
part of theirfood. The vegetable food varies according to the species, 
as shown in Table 1, from 0.7 per cent to 14.72 per cent of the total.? 
In no case did stomachs of any of the vireos contain a large proportion 
of cultivated fruit, and very few stomachs had any; so that, as fruit 
eaters the vireos are practically harmless. In all species almost the 
entire bulk of the animal food was made up of insects. 

A list of all the items identified in the food of the vireos, showing 
the number of stomachs in which each item was found, is given in 
Tables 2 and 3, beginning on page 28. 


BLACK-WHISKERED VIREO 


Vireosylva calidris barbatula 


The black-whiskered vireo is found in the United States only in the 
southern portions of Florida, where it is fairly common in the vicinity 
of Key West, and may be found as far wtarth as Anclote Keys. Un- 
fortunately, only four stomachs were available for examination, 
collected on Art ote Key, May 21 and 22, and at Seven Oaks, June 7.. 

Of the entire food, 87.5 per cent was of animal origin. By far the 
largest single item was spiders, 39.25 per cent of the whole; in one 
stomach were the remains of 10 individuals of one kind (Tetragnatha). 
Caterpillars and eggs of some moth or butterfly made up 14.25 per 
cent of thefood. In onestomach were 10 small earwigs (Forficulidae), 
which represented about 10 per cent of the animal food. Miscel- 
laneous beetles, including weevils from one stomach, made up 18.25 
pe cent, and the remaining 5.75 per cent was composed of wasps or 

ees and assassin bugs (Reduviidae). 

The vegetable food, 12.5 per cent of the total, was composed of 
fruit of barberry (Berberis) and of ragweed (Ambrosia), found in 
three of the four stomachs. 


4 The figures available show no vegetable food for the gray vireo; but thisfis probably not trustworthy, 
because of the very small number of stomachs representing the fall months. 
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Although the number of stomachs examined was small, it is possible 
to check the results by comparison with those obtained by Wetmore, 
who analyzed the contents of 84 stomachs of the typical subspecies 

‘from Porto Rico. His findings * show that the bird is decidedly 
frugivorous, inasmuch as wild fruits or berries were detected in 80 of 
the 84 stomachs examined and amounted to 57.82 per cent. The 
remaining 42.18 per cent represented animal matter, of which all but 
0.61 per cent was composed of insects or spiders, this small item being 
made up of two little tree toads (Hleutherodactylus). As in the case 
of the Florida birds, spiders made up one of the larger items, occurring 
in 30 stomachs and comprising 7.74 per cent of the bulk. Orthop- 
teroid insects, consisting of grasshoppers (Locustidae) in three 
stomachs, walking sticks (Phasmidae) in two, praying mantids 
(Mantidae) in three, and miscellaneous orthopterans in nine, formed 
together 6.34 per cent. Cicadas, a lantern fly, and some small 
homopterans amounted to 8.29 per cent. Caterpillars were eaten 
by 21 birds and made a total of 9.7 per cent, the largest item of animal 
food. Weevils and leaf beetles, including the sugar-cane root borer 
and coffee-leaf weevil, occurred in more than a third of the stomachs, 
forming a total of 5.37 per cent. The remainder of the animal food 
was composed of ladybeetles (0.42 per cent), miscellaneous beetles 
(0.64 per cent), hymenopterans, including a wasp and an ant (2.03 
per cent), flies (0.21 per cent), and earwigs, which were detected six 
times (0.83 per cent). 

SUMMARY 


It is evident from both the Florida and the Porto Rico accounts 
that there is little actual harm done by the black-whiskered vireo, 
and that it is entitled to encouragement. The spiders and some of 
the beetles eaten may be considered beneficial, but the caterpillars, — 
weevils, and earwigs are certainly injurious. The bugs are about 
equally divided between injurious and beneficial forms, and the 
remaining items are either too small to be of importance or are 
neutral in their economic aspects. 


RED-EYED VIREO 
Vireosylva olivacea 


The red-eyed vireo (fig. 1) is probably the most abundant of the 
members of its family. In the United States its range is restricted in 
general to the territory east of the Rocky Mountains; in Canada, it is 

ractically transcontinental, with Great Slave Lake in the Mac- 
{conORA region approximately its northern limit. In migration the 
red-eye is reported as far south as Brazil. 7 

During the summer months in almost any bit of woodland one 
may find this olive-colored bird going about its business of catching 
insects, or later selecting the berries of many of our native shrubs, 
and singing as if it were second nature to be cheerful. Even at noon, 
when most of the feathered tribe seek the cool shade, this little 
fellow continues its song and its search for food. 


§ Wetmore, Alexander, Birds of Porto Rico. U.S. Dept. Agr. Bul. No. 326, pp. 97-98, 1916. 
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Fic. 1,—Red-eyed vircos, male and female 
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When the mating season arrives, from the middle of May to the 
last of June, the nest is started in a convenient fork of a branch, often 
near the ground; and, when finished, this is suspended by the rim 
rather than supported from below. The nest is a trim affair, about 
the size of a small teacup, woven of fibrous matter, among which 
may be instanced such substances as bits of birch bark, grapevine 
bark, or flax. Diligent search is required to disclose a nest when the 
leaves are green, but the number visible in fall is surprising. The first 
egg may be laid even before the nest is finished, and when this is the 
case the female remains at the nest while her mate searches for 
additional building materials. During the season of rearing the 
young, the patience of the red-eye is taxed to the utmost by the cow- | 
bird. Brewer has reported a case of this form of parasitism where 
the vireos reared three young cowbirds without laying eggs of their 
own, and other records show that one or two cowbirds’ eggs are not 
uncommonly found in a vireo nest. 
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Fic. 2.—Monthly proportions of the various items in the food of the red-eyed vireo ( Vireosylva olivacea) » 
based on the analysis of the contents of 569 stomachs, with the average of each item for the year 


The annual food of the red-eyed vireo is composed of 85.28 per 
cent animal matter and 14.72 per cent vegetable. (See fig. 2.) The 
vegetable matter is taken more often late in summer and in fall and 
consists of the berries and fruits of such plants as wild cherry, sassa- 
fras, cornel (or dogwood), wild grapes, and woodbine. Of a total of 
653 stomachs available, 569 contained sufficient food for the correct 
estimation of percentages, and it is on the examination of the latter 
that the present report is based. This material was collected during 
the months April to October, inclusive, over the greater part of the 
range of the species in North America. 
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ANIMAL FOOD 


Practically six-sevenths of the food consumed by the red-eye is 
of animal origin, and very nearly all of it is insects. The remainder 
is composed of the small snails that are found more or less fre- 
quently on leaves and grass. 

Lepidoptera.—Caterpillars form by far the largest single item in 
the yearly sustenance, and amount to 32.43 per cent of the total, or 
more than one-third of the animal matter eaten. They were found 
in 371 of the stomachs, over half of the number examined. In 
general it is difficult or even impossible to identify -the species of 
caterpillars found in stomachs, but the larvae of sphinx moths, 
swallowtail butterflies, tent caterpillars, and codling moths were 
detected. Most caterpillars are injurious to man’s interests or have 
characteristics which at any time may cause them to become so. 
Hence, so great a destruction of these larvae as the figures show is a 
strong argument in favor of this vireo. 

Lepidopterous forms other than caterpillars make up a small 
percentage (2.76) of the annual food. Adult moths and butterflies 
were found in 26 stomachs, pupae (cocoons and chrysalids) in 14, 
ae eggsin 3. These may all be placed with caterpillars as injurious 

orms. 

Coleoptera.—Beetles make up 10.84 per cent of the total food for 
the year, 1.29 per cent of which is composed of lady beetles. Lady 
beetles, or “ladybirds,” as the members of the family Coccinellidae 
are often called, are, with a very few exceptions, decidedly beneficial 
to man’s interests. Highty-five of the stomachs examined contained 
coccinellids, some from three to eight individuals each. It can only 
be said that, considered in connection with all the food taken, the - 
destruction of lady beetles is more than repaid by beneficial activities 
in other directions. 

Scarabaeid beetles, otherwise known as “leaf chafers” and ‘‘dung 
beetles,”’ form a small item in the yearly food of this bird. During 
June, when the larger leaf-infesting species are in greatest abundance, 
the percentage of this item rose to 11.88. Among the forms recog- 
nized are many species of the medium-sized and robust brown leaf 
chafers, which are capable of considerable damage. Scarabaeids 
were found in 75 of the 569 stomachs examined and made a total of 
3.31 per cent of the food. 

Leaf beetles (Chrysomelidae) are injurious in their feeding habits; 
hence the quantity taken by the vireo is to be considered a gain to 
man. Though a species of leaf beetle may be known to attack 
only wild plants, nace is always the possibility that it may adapt 
itself at any time to life among the cultivated plants, shrubs, or trees, 
and with that adaptation become detrimental to man’s interests. 
Examination of the stomachs shows that the percentage of leaf 
beetles rises to 4.4 in May, after which it becomes less, disappearing 
entirely in October. In tact, the percentages vary directly with the 
abundance of the item, as is to be expected. Considered as part of 
the annual diet, chrysomelids make up 1.63 per cent and were found 
in 136 of the stomachs examined. 

Representatives of the three families Cerambycidae, Buprestidae, 
and Klateridae have been grouped for convenience. The tate as or 
grubs, of all these beetles pass their lives either within wood or among 
the roots of plants and are very destructive to lumber and grain 
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each year. As with the leaf beetles, any check on these forms is to 
be welcomed, and a percentage as high as 2.7 is to be considered 
favorable to the bird. Nearly a third of the individual birds had 
taken this kind of food. 

Under the heading of weevils are grouped all members of the 
suborder Rhynchophora, commonly known as curculios, billbugs, 
bark beetles, and the like. Weevils or their remains were detected 
in 141 of the stomachs and formed 1.13 per cent of the yearly suste- 
nance. This percentage is small, but the average size of individuals 
among the Rhynchophora also is small, much smaller than in the 
preceding groups, and it is probable that the number cf individuals 
represented is very large. Little good can be said of weevils. While 
many species have not yet come into direct conflict with man, their 
pernicious habits have been demonstrated by those which have; 
and although the percentage of these beetles eaten by the red-eye is 
relatively small, their consumption must be considered a favorable 
economic tendency. 

Other miscellaneous beetle material formed less than 1 per cent 
(0.78) of the red-eye’s food. It would be difficult to determine the 
economic status of these beetles as a whole. Certain families, as 
the ground beetles (Carabidae) and rove beetles (Stapyhlinidae), are 
usually considered beneficial. The checkered beetles (Cleridae) are 
beneficial and are now believed to be one of the most efficient checks 
on boring beetles. On the other hand, the forms which may be 
called injurious are few; for instance, the deathwatch or drug-store 
beetles (Ptinidae) and meal worms (larvae of Tenebrionidae). 

Hemiptera.—Each year approximately 7.03 per cent of the food 
eaten by a red-eyed vireo is composed of stink-bugs (Pentatomidae). 
This family of insects includes the well-known harlequin cabbage 
bug, and several other species injurious to man. In fall, when other 
bugs and wasps become scarce, the red-eye eats a considerable 
number of stink-bugs, the quantity taken in September forming 16.15 
per cent of the total food, and during September and October they 
are third in the list. The number of birds selecting this form of diet 

-also is large, a total of 158, or over a fourth of those examined. 

The rest of the true bugs make up 8.33 per cent of the annual 
food, but the frequency of their appearance in the stomachs is exactly 
the reverse of that of the stink-bugs. In April the percentage is very 
high, 20.26, and from then on it diminishes steadily, until in October 
it is 0.29 per cent. Among the species identified from stomachs are 
squash bugs, cicadas, scale insects, leaf hoppers, and assassin bugs. 
Hemipterans appear attractive to this bird, and it was found that of © 
the stomachs examined 250 contained the remains of at least one 
bug. The small bulk percentage of this item is due mainly to the 
fact that most of the plant-infesting bugs are of small size. 

Hymenopiera.—Over half (321) of the stomachs contained the 
remains of some species of the order which includes the wasps, bees, 
ants, and most of the insect parasites. Of these forms, ants are the 
most injurious and were taken by 93 of the birds. The remainder of 
the group is for the most part beneficial, as in it are found innumer- 
able minute parasitic forms which do much to prevent the earth 
from being overrun with insects. Fortunately, the majority are so 
small as to avoid the notice of birds. The wild bees, wasps, and 
arger ichneumon flies, which are of service in the pollination of 
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flowers, suffer most from the red-eye; but their number is so great 
that it is probable that no one species is much affected by the vireo. 
- As only two instances were found of the eating of a honeybee by this 
bird, it is evident that this vireo is not destructive to these useful 
msects. As with most of the hemipterans, the greatest destruction 
of the hymenopterans by the bird is in spring, the percentage for 
April being 20.39. This figure is increased to 20.97 in May, and from 
then on to the close of the season it diminishes steadily to 3.18 in 
October. Hymenopterans, with 10.79 per cent, stand third in quan- 
tity in the annual food of this species. 

Daten Flies, although eaten more or less regularly, do not at 
any time form a large portion of the diet of the red-eye. Remains of 
these were found in 119 stomachs and amounted to 4.46 per cent of 
the total food. Crane flies and midges appear to be the kinds usually 
taken; this is undoubtedly because such forms are more abundant in 
the natural feeding haunts of the bird. 

Other insects.—Grasshoppers, katydids, stone flies, tree crickets, and 
similar insects together make up 4.59 per cent of the food. Of 569 
stomachs examined, 88 contained at least traces of these forms, the 
percentage steadily increasing toward fall. This increase may be 
attributed to the greater abundance of the grasshoppers and katydids 
at that season and alse to the growing scarcity of the foods which 
formed substantial percentages in spring. There are both beneficial 
and injurious forms included in the miscellaneous category; but it is 
evident from the stomach analyses that the injurious forms, as grass- 
hoppers, outnumber the beneficial forms—dragonflies, and other pre- 
dacious amphibious insects—by more than two to one. One can 
hardly begrudge the vireo this small toll (about 2 per cent) collected 
while performing a good service. 

Spiders.—Most spiders make their homes on bushes and in the 
branches of trees and there spread their filmy nets to catch whatever 
unwary insect may stumble into them. Thus both the red-eye and 
the spider are helping to check the increase of insects. But as the 
predatory activity of 10 or even 100 spiders is not comparable to 
that of one vireo, the bird is economically the more useful. That the 
remains of spiders were detected in 188 of the stomachs examined 
indicates that they are a favorite article of diet with this vireo. In 
August, when they are most abundant, spiders amount to nearly 
6.5 per cent of the total food, but this figure is not maintained either 
in spring or fall, and the annual percentage is only 4.05. 

Other animal food.—Apparently it is only curiosity which leads a 
red-eyed vireo to take animal food other than insects or spiders. 
Remains of snails, probably of a kind usually found on leaves and 
grass, were found in two stomachs collected in June, and as they form 
only 0.02 per cent of the food of that month they are entirely lost in 
the yearly averages. 

r VEGETABLE FOOD 


During the first part of the year, when insect food is plentiful, the 
red-eyed vireo takes very little vegetable matter. From August on, 
however, the vegetable food increases rapidly, until in October the 
percentage of 49.41 is reached. Berries of all kinds find favor with 
this bird, from the sweet mulberry to the bitter barberry. Of the 
berries most used by man and eaten also by the red-eyed vireo may 
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be mentioned white mulberries, found in 3 stomachs; wild cherries, 
in 1; currants (probably wild), 1; blackberries, 9; elderberries, 10; 
blueberries, 1; and grapes (the wild chicken grape), in 2. Berries 
without even so much economic importance, that appear most often 
In the stomachs are those of spice bush, found 7 times; cornel of 
various species, 22 times; bay, 5; Virginia creeper, 11; and sassafras, 
6 times. Thus the predominance in the food of the nonuseful fruits 
over the useful is great. The total vegetable matter, which also 
includes a few grass seeds and flower and leaf buds, amounts to ap- 
proximately one-seventh (14.72 per cent) of the yearly food, and is 
second of the items in quantity. 


SUMMARY 


During the months April to October, inclusive, the food of the red- 
eyed vireo is made up of six-sevenths animal matter, practically all 
insects, and one-seventh vegetable, mostly fleshy fruits and berries. 
Not more than 5 per cent of the entire food can be considered of great 
economic value, while most of the remaining 95 per cent is of kinds 
decidedly injurious to man’s best interests. It is, therefore, obvious 
that in usefulness the red-eyed vireo ranks high. 


PHILADELPHIA VIREQ, 
Vireosylva philadelphica 


The Philadelphia vireo is rather uncommon in the United States 
over the greater part of its range, but may be found in considerable 
abundance at times in Canada. Somewhat smaller and more gray 
than the red-eyed vireo, it may be recognized by its small size and 
the yellow of the throat and breast. The breeding range is in general 
north of the United States, although there are records of breeding © 
birds as far south as Indiana. 

The collection of the Biological Survey contains 84 stomachs of 
this bird; only 75, however, taken in the months of May, June, and 
September, contained sufficient food for the proper estimation of per- 
centages. (See fig. 3.) The food is largely animal in nature, there 
being but 7.22 per cent not of this character. 


ANIMAL FOOD 


Insects make up all but 4.34 per cent of the animal food consumed 
by the Ehiadalatan vireo in the summer months—this small per- 
centage representing the spiders so frequently present in the food 
of insectivorous birds. 
Lepidoptera.—The largest single item is the group consisting of 
caterpillars and adult moths and butterflies, which together make an 
average yearly percentage of 26.3, or more than a fourth of all the food 
consumed. Of this, only 2.17 per cent refers to adults, leaving a total 
of 24.13 per cent for the caterpillars. It appears that as the season 
advances caterpillars become more and more important in the food, 
for in May the percentage is only 15, while by September it has risen 
as high as 39.94, which, taken with 5.59 per cent of adults, makes a 
total of 45.53 per cent, or nearly half the entire food of the month. 
Coleoptera.—A total for the year almost as great as that of cater- 
pillars and their adult forms is found to be made up of beetles and 
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weevils, which form almost a fourth (24.82 per cent) of the total. 
The beneficial beetles eaten are almost all of the family Coccinellidae, 
- or ladybirds, well-known as enemies of plant lice and scale insects. 
Thirteen species of ladybirds have been identified from stomachs of 
the Philadelphia vireo, and these make up a little more than a fifth 
of all the beetles consumed, or about 5 per cent of the total food. 
This large percentage, however, is more than offset by the remaining 
beetles most of which are species of distinctly injurious tendencies. 

The leaf-eating beetles (Chrysomelidae) lead the list of families of 
injurious beetles, with a total of 7.99 per cent. During May the leaf 
eaters seem to be more abundant, as then they make up a total of 
nearly 11 percent. This high percentage is not maintained through- 
out the year, however, and by September only 4.59 per cent of the 
food is of this description. Next in order of importance from the 
viewpoint of quantity consumed come the leaf chafers and dung 
beetles (Scarabaeidae). The true dung beetles should be considered 


Fic. 3.—Yearly summary of the various items in the food of the Philadelphia vireo ( Vireosylva philadel- 
phica), based on the analysis of the contents of 75 stomachs 


mildly beneficial, inasmuch as they carry beneath the surface 
quantities of fertilizing elements. As the very nature and mode 
of life of the vireo, however, prevents it from catching many of these, 
they have been included with their injurious cousins, the leaf chafers. 
Taken together, they represent a total of 6.94 per cent, all eaten 
before September. In June the percentage is very high (14.08), 
and it is almost all leaf chafers. 

A third group of injurious beetles found with some frequency in 
the stomachs is the suborder Rhynchophora, or weevils, which make 
up 3.43 per cent of the food of the Philadelphia vireo. Although 
this proportion is not very great, it appears to be evenly distributed 
throughout the year. The wood-boring beetles, Buprestidae and 
Cerambycidae, and the plant-feeding Elateridae together make up a 
little less than 1 per cent of the total. Except in June, when these 
forms exceed 2 per cent, the item is insignificant. The rest of the 
beetles eaten, including beneficial, injurious, and neutral forms in 
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‘varying proportions, amount to only 0.47 per cent and may be dis- 
regarded for practical purposes. 

Hymenoptera.—Approximately 14 per cent of the annual sub- 
sistence of the Philadelphia vireo is composed of wasps, bees, and 
related insects. Here are to be found some of the most beneficial of 
all insects, the parasitic ichneumon flies and the minute chalcids. 
On the other hand, the kinds of ants eaten are usually injurious, 
especially the large, black, carpenter ants (Camponotus herculeanus), 
and even if some of them do no direct damage they are indirectly 
injurious in fostering plant lice. At times the birds fill their stomachs 
with many individuals of the same species; for instance, one bird had 
eaten 20 individuals of a certain ant (Aphaenogaster); another, 10 
sawflies (Tenthredinidae) ; and a third, 15 sawfly larvae. In its 
economic status the Philadelphia vireo, so far as hymenopterans are 
concerned, must be considered beneficial in that the injurious insects 
captured cutnumber by far the beneficial forms. 

vptera.—In the 84 stomachs examined the remains of flies were 
detected in 36, or more than a third. In 19 of these the flies were of 
the midge family (Chironomidae), and in some, midges made up 
nearly the entire contents. Flies form 11.76 per cent of the food. 
This item includes both beneficial and injurious forms and may be 
listed as economically neutral. 

Hemiptera.—True bugs make up 10.46 per cent of the annual food 
of this vireo, 1.67 per cent being composed of stink-bugs (Pentato- 
midae). These are large, flat insects, and the majority are injurious. 
One group, including the species of the genus Podisus, are, because 
of their predacious habits, reckoned among the beneficial forms. 
Fortunately, members of this genus are rarely found in the stomachs 
of the Philadelphia vireo, hence the stink-bugs in general may be 
placed on the credit side. Assassin bugs (Reduviidae), another 
group of beneficial bugs, are entirely lacking in these stomachs, so 
that on the whole the true bugs eaten are to the credit of the bird. 

Other insects—The remainder of the insect food of this bird, 
amounting to but 1.14 per cent, has little or no economic significance. 
It is made up of a few neuropteroid insects, together with fragments 
so comminuted that further determination was impossible. 

Spiders.—lt is not surprising that spiders, so common on the leaves 
and twigs of bushes and trees, should have been taken by 34 of these 
birds to the extent of 4.34 per cent of their food. Once the kind 
eaten proved to be a daddy longlegs or harvestman (Phalangidae), 
and 10 times the fragments were readily determined as of the family 
of jumping spiders (Attidae). In the other cases, however, it was 
impossible to decide the kind of spiders represented. Spiders are 
probably all beneficial in a small degree, but the eating of a few 
should not count heavily against an insectivorous bird. 


VEGETABLE FOOD 


Lack of stomach material of the Philadelphia vireo, representing 
early spring or late fall, makes it impossible to show exactly how the 
relation between animal and vegetable food varies with the season. 
As the new crop of wild fruits develops, however, the birds are 
attracted to it, and in September this item forms 18.71 per cent of 
the diet. Among fruits identified were dogwood berries, taken four 
times, while bayberries (Myrica carolinensis), wild rose hips (fosa), 
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and wild grapes (Vitaceae) were identified in only one or two stomachs 
each. No cultivated fruits or seeds were found, and there is nothing 
in the list of vegetable items to discredit the bird in any way. Al- 
though 18.71 per cent of the September food was of vegetable origin, 
the seasonal average from the stomachs available amounts to but 


7.22 per cent. 
SUMMARY 


Outstanding features of the food habits of the Philadelphia vireo 
are its moderate consumption of vegetable food and the compara- 
tively high percentage of ladybirds. This last item appears to be 
the one blot on the escutcheon of all members of the family of vireos. 
The rarity of the Philadelphia vireo, however, insures that it will 
do little harm in reducing the numbers of ladybird beetles. 


THE WARBLING VIREOS 
Vireosylva gilva, subspp. 


The warbling vireo in its two subspecies is one of the more common 
of the vireos over the entire United States. A total of 356 stomachs 
were available for examination from 29 States and the District of 
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Fic. 4.—Monthly proportions of the various items in the food of the warbling vireos ( Vireosylva gilva, 
subspp.), based on the analysis of the contents of 340 stomachs, with the average of each item for the 
year 


Columbia and afew from southern Canada. Of these, 340 contained 
sufficient food to permit the estimation of percentages of the various 
items. 

Between 5 and 6 per cent of the food consumed by the warbling 
vireos during the year is of vegetable origin. This is considerably 
less than half the proportion taken by the red-eyed vireo. The 
food of animal origin is discussed under its several classes. (See 


fig. 4.) 
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ANIMAL FOOD 


Coleoptera.—Beetles. make an annual total of 15.53 per cent, or 
nearly a sixth, of the food. Of these the ladybird beetles (Cocci- 
nellidae) are the most common. More than half of the coleopterans 
eaten are of this family, and more than one-twelfth of the food by 
bulk is composed of these valuable insects. During July about 26 
per cent of all the animal food is ladybirds, a remarkable percentage, 
for coccinellids are far from being a fourth as plentiful as all other 
insects together. The remaining 6.79 per cent of beetles is composed 
almost entirely of injurious forms, as leaf eaters, wood-boring forms, 
and weevils. 

Lepidoptera.—Caterpillars, usually injurious, make up the com- 
mendable percentage of 35.4—more than a third of the yearly food. 
This is undoubtedly the most important item in the dietary of the 
warbling vireo, especially in spring, when it amounts to 69.74 per 
cent. The percentage of this item fluctuates more or less durmg 
the season, reaching its lowest ebb, 22.75 per cent, in September. 
The other forms of butterflies and moths, amounting to 4.99 per 
cent, are included with the caterpillars and make a grand total for 
this type of food of 40.39 per cent. 

Hemptera.—The third class of animal food of the warbling vireo 
of sufficient importance to be considered separately is composed of 
the true bugs. These annually form 16.71 per cent of all the food, 
a little greater in quantity than the beetles. About a third of the 
bugs taken belong to the family of stink-bugs (Pentatomidae). These 
are mostly large, ill-smelling insects and are considered by some as 
protected from birds by their odor. In the present case, however, 
the odor is either pleasing to the birds or at least not repelling. 

Other animal food.—The remainder of the food of animal origin 
amounts to a little more than a fifth of the total yearly food. The 
largest single item is made up of the different forms of flies (Diptera). 
During May, this item represents 22.63 per cent, or nearly a quarter 
of the food. From June on, however, there is a rapid decrease in 
the number eaten, so that by September, flies in the food constitute 
only 2.64 per cent. Considered for the whole year, a percentage of 
9.46 is reached, a fair index to the value of these insects in the food 
of the warbling vireo. To this is to be added 5.97 per cent, repre- 
senting the wasps, bees, and other hymenopterous insects consumed 
during the year. The incidence of hymenopterans is paralleled by 
that of dipterans, May being the month of greatest consumption, 
here equaling 12.02 per cent. 

All other insects eaten together form the comparatively small 
percentage of 4.44. Only during August, when grasshoppers are 
abundant and a convenient form of food, does this item assume 
importance, at which time it forms 12.29 per cent of the monthly 
sustenance. 

With the exception of a few snails, a mere trace, the rest of the 
animal food is composed of spiders, an almost insignificant item for 
the year, but amounting in June to 3.03 per cent. 


VEGETABLE FOOD 
The vegetable food of the warbling vireo is made up in great part 


of the smaller wild fruits, as cherry, sassafras, bayberries, and black- 
berries. During the early part of the year vegetable matter appears 
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to figure in the food only incidentally, but after the height of the 

insect season has passed the birds turn to the ripe fruits as a source 
_ of supply. Thus in April the vegetable matter formed but 0.12 
per cent, but in August and September it ran as high as 18.69 and 
9.33 per cent, respectively. Of the total food, this item makes up 


5.76 per cent. 
SUMMARY 


The economic status of the warbling vireo is in some ways more 
distinctly unfavorable than that of the other species of this family 
of birds, especially in its consumption of ladybirds. In more than 
a third of the stomachs examined the remains of these beneficial 
beetles were found. Destruction of ladybirds is most evident in 
stomachs collected in California, where the members of this group 
of beetles are known to be unusually common. The species known 
as the California ladybird leads the list in number, appearing in 41 
stomachs, as high as eight to a single stomach in a few instances. 
A second category of insects, which from predacious habits are to be 
considered beneficial to man, is made up of the species of stink-bugs 
of the genus Podisus, detected in 18 stomachs. Owing to their size, 
a few will completely fill the stomach of the bird, and thus the 
likelihood of extensive meals so far as numbers of the insects are 
concerned is not great. 

On the other hand, the injurious insects taken by the warbling 
vireo make up the greater part of the food. Lepidopterous remains, 
including adult moths and butterflies, caterpillars, pupae, and eggs, 
were taken from about 77 per cent of those examined. This alone 
should atone for the bird’s injurious proclivities along other lines. 
In addition to lepidopterans, the consumption of scale insects, which 
were found in 18 stomachs, and of bugs, omitting the forms of Podisus 
and a few others, swells the total of injurious kinds consumed. 
Little if any of the vegetable food taken was obviously cultivated, 
in most cases being from plants not used for their fruits. It seems 
reasonable, then, to class the bird as neither beneficial nor injurious. 

It is probable that a warbling vireo in a citrus grove would be 
economically a liability, but in the woods and other places where the 
conservation of coccinellids is not of so great importance there is little 
to be considered objectionable in its Gait, 


YELLOW-THROATED VIREO 
Lanivireo flavifrons 


The yellow-throated vireo is the handsomest of the family and 
spends much of its time high up in the trees. This species is not 
uncommon in the eastern part of the United States, where it remains 
during the summer months to breed. It arrives in Florida and 
Texas about the last of March and by the first week in May many 
individuals have reached their breeding grounds. The return 
migration in fall commences early in September, and by October 
there are few birds of this species left in the United States. 

One hundred and sixty stomachs of the yellow-throated vireo, 
collected during the months April to September, inclusive, were 
available for analysis, the most noticeable fact established by the 
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examination of which is the very small percentage of vegetable 
matter—only 1.74 per cent of the total. (See fig. 5.) 


ANIMAL FOOD 


The animal food of the yellow-throated vireo makes up 98.26 per 
cent of the total, and may be divided as follows: 95.82 per cent 
insects, 2.38 per cent spiders, and 0.06 per cent other animal matter. 

Lepidoptera.—More than 42 per cent of the yearly food of the 
yellow-throat is made up of butterflies and moths in their different 
stages. As in the food of other species of this family of birds, cater- 
pillars are the most important item (23.1 per cent). Almost all 
adult insects of this order found in the stomachs were moths, and 
together made up a total of 19.35 per cent. There appears to be no 
definite time of year when the birds prefer lepidopterous food, 
although in September a maximum of 36 per cent was reached for 
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Fic. 5.—Monthly proportions of the various items in the food of the yellow-throated vireo (Lanivireo 
flavifrons), based on the analysis of the contents of 160 stomachs, with the average of each item for the 
year 


caterpillars, and the same month showed an advance of 7 per cent 
over the previous month’s total of 43.73 for all lepidopterans. 
Adults were consumed in greatest quantity in June, more than one- 
third (35.15 per cent) of all the food taken that month being of this 
character. 

Hemiptera.—\In quantity consumed, the bugs occupy second place 
in the list of food items of the yellow-throat. Two-thirds of those 
identified are referable to the family of stink-hugs (Pentatomidae), 
15.5 per cent for the year. The remaining, 7.62 per cent, is composed 
of such forms as assassin bugs (Reduyiidae), scale insects (Coccidae), 
and leaf hoppers (Membracidae). Owing to the great discrepancy 
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in size between the pentatomids and the smaller leaf-feeding bugs, 
the actual number af leaf hoppers and other small bugs is probably 
as great as that of the stink-bugs or even greater. 

Coleoptera.—Beetles of all kinds, making up 12.9 per cent of the 
yearly food, stand third in the diet. Ladybird beetles, usually 
plentifully found in the stomachs of vireos, in this species amount to 
less than 1 per cent of the total. The rest of the insects may be classed 
as injurious, or potentially so. The weevils, or snoutbeetles, make 
4.23 per cent, or about one-third of all the coleopterans eaten. The 
wood-boring forms belonging to the families Buprestidae and Ceram- 
bycidae and the plant-feeding Elateridae, tugether form more than 
one-fourth of the beetle food, or 3.57 per cent. Dung beetles and 
leaf chafers (Scarabaeidae) amount to 1.84 per cent, whereas leaf 
beetles (Chrysomelidae) and ladybird beetles (Coccinellidae) make, 
respectively, 0.82 and 0.62 per cent of the yearly food. Fragments 
of beetles that could not be associated with any of the above-men- 
tioned families together make up 1.82 per cent of the whole. 

Diptera.—Two-winged, or true, flies, make up 7.36 per cent of the 
yearly subsistence, of which the major part is consumed in May and 
June. More than one-fourth of the stomachs of the yellow-throat 
examined contained remains of flies, although in most cases the 
insects were not in condition to permit more specific identification. 
Midges (Chironomidae) and horseflies (Jabanus) were among the 
dipterans eaten. 

Hymenoptera.—No honeybees were identified in the 160 stomachs 
of the eb atitdonted viero examined, but other bees, as Andrena 
or Halictus, were found. Sawflies and ichneumon flies also were 
determined. Other hymenopterans were detected in lesser quantity, 
and together the insects of this order made up 5.07 per cent of the 
annual food. 

Other insects.—The rest of the insect food amounts to 4.92 per cent, 
about equivalent to the bulk hymenopterans taken. Under this head 
are gathered all records of grasshoppers, crickets, locusts, and dragon 
flies and other water-inhabiting forms. In the food of the yellow- 
throated vireo this group is not of very great importance economically. 

Other animal food.—Spiders, with the few snails the bird happened 
on, made up 2.38 per cent of the food. Snails were taken during 
April only and then only to the extent of 0.36 per cent, which, trans- 
lated into a yearly percentage, makes the insignificant total of 0.06. 
Among the spiders eaten, the Attidae, or jumping spiders, were the 
most common. Species of Phidippus were determined four times, 
and fragments referable to family only were found in six other stom- 
achs. ‘The tetragnathids, which infest marshy localities, were iden- 
tified twice, and once a minute pseudoscorpion of the genus Chthonius 
was detected. In general, the spiders eaten are only slightly beneficial. 


VEGETABLE FOOD 


The yellow-throated vireo eats comparatively little vegetable food, 
ractically none during April and May, none during June and July, 
ess than 2 per cent in August, and less than 9 per cent in September, 

The average for the year is only 1.74 per cent. Among the items 
specifically determined were sassafras berries and seeds of wild grapes. 
No cultivated fruit of any kind was found. 
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SUMMARY 


- There can be no reasonable doubt that with an annual consumption 
of 42.25 per cent of caterpillars and moths, the yellow-throated 
vireo is to be classed as a beneficial bird. Adding to this the 7.62 
per cent representing bugs, most of which are injurious, and the 10.46 
per cent of distinctly injurious beetles, the total of 60.53 per cent 
is a fair estimate of injurious insects in the bird’s food. ‘To offset 
‘this, only 0.62 per cent is made up of the benficial ladybird beetles. 
The rest of the food is neutral economically and may be passed with 
this mention. This is a record to commend the yellow-throated © 
ee and one that is not closely approached by other birds of this 
family. ! 


THE BLUE-HEADED VIREOS 
Lanivireo solitarius, subspp. 


The blue-headed vireos, or, as they are sometimes called, the 
solitary vireos, are of fair abundance over a wide range, including all 
of the United States, most of Canada, and parts of Mexico and Lower 
California. The material used in this study includes 306 well-filled 
stomachs, collected in all months except December. January and 
November are represented by but 8 and 9 stomachs, respectively, 
whereas the greatest number for any one month, 79, is for May. 
Twenty-three other stomachs, only partially filled, gave some addi- 
tional data regarding food items. 

The blue-heads eat about twice as much vegetable food as the 
yellow-throat (3.68 per cent), but otherwise the diet is similar in its 
constituent items. (See fig. 6.) 
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F1q.6.—Monthly proportions of the various items in the food of the blue-headed vireos (Lanivireo solitarius , 
subspp.), based on the analysis of the contents of 306 stomachs, with the average of each item for the year 
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Animal matter (96.32 per cent) in the food of birds of this species 
is, as usual in this family, composed almost entirely of insects, the few 
spiders eaten forming but 2.63 per cent and the snails 0.25 per cent, 
respectively, of the whole. This represents a slightly greater prefer- 
ence for each of these items than that displayed by the yellow-throat; 
but, even so, the quantity consumed is of academic rather than. 
economic interest. : 

Lepidoptera.—The blue-headed vireos eat almost as many cater- 
pillars during the year as does the yellow-throat, but their record for 
chrysalids and adults is not so favorable. The consumption of 
caterpillars increases rapidly during January, February, and March, 
when they constitute 41.56 per cent of the food of that season, and 
then drops to 10.47 per cent in May, and rises again to 40.39 per cent 
in September, after which it decreases rapidly with the approach of 
winter. This fluctuation is marked and, as it does not coincide with 
the known life cycle of the insects, may be attributed to fluctuating 
abundance of other more palatable or attractive foods. The average 
of the monthly percentages is found to be slightly below that for the 
yellow-throated vireo, being 22.49 per cent. On the other hand, the 
consumption of adult moths commenced in February with the 
relatively high percentage of 20.32 and steadily dwindled to 7.26 per 
centin May. Arise, culminating in July with a percentage of 18.38, 
was immediately followed by a drop to 2.22 per cent in August. 
From August until the end of the season, the adult lepidopterans 
were taken in steadily increasing quantity, closing in November at 
5.1. The yearly average of this item is 9.31 per cent, less than half 
that of the yellow-throat. Lepidopterans in all stages contribute 31.8 
per cent of the entire annual subsistence. 

Hemiptera.—True bugs form the second largest item of food of the 
blue-headed vireos. wing to the predominance of stink-bugs 
(Pentatomidae) over all other kinds, this family has been tabulated 
separately. During the winter months hibernating pentatomids 
constitute one of the most important sources of food for the blue- 
headed vireos, as shown by the November and January percentages of 
48.7 and 29.02, respectively. Durmg February, March, April, and 
May there is considerable fluctuation in the quantities eaten, but all 
these months have relatively high percentages, the highest bein 
29.6 in April. June and July apparently offer more attractive foo 
along other lines, as the consumption of stink-bugs then drops to 3.45 
and 4.38 per cent, respectively. August shows a sudden increase to 
16.4 per cent, and from then on the item assumes considerable 
importance. The yearly average (20.13 per cent) is considerably 
more than that of the yellow-throat. 

The other bugs make up only about half as much of the total bulk 
of the food as do the pentatomids, but it is interesting to note that the 
ratio between these forms and the rest of the bugs is almost identical 
in both species of Lanivireo. There appears to be no rule followed 
by the blue-heads in their selection va Mer other than pentatomids 
for food, but in general they eat few before June and a great many in 
the later months of the year. March is an exceptional month, in 
that 12.91 per cent represents the miscellaneous bugs taken. 
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Coleoptera.—Considering the enormous numbers of beetles avail- 
able, it is somewhat surprising that not more are eaten. The blue- 
heads manage to seek out enough, however, to make up 13.51 per 
cent of their entire diet. Of this, the ladybird beetles make up 4.88 
per cent, or more than a third. It is certain that there are not a 
third as many ladybird beetles as all other beetles combined; and thus 
it must be considered that the blue-headed vireos, like the warbling, 
either find these brilliantly colored forms in abundance in their envir- 
onment or else make special search for them, a most undesirable habit 
economically. Roughly, a second third of the total bulk is composed 
of the metallic wood borers, the longicorns, and the click beetles. 
The remaining portion includes, among others, the weevils, which 
comprise 1.8 per cent of the food. 

Hymenoptera——With the exception of the month of March, mis- 
cellaneous hymenopterans were eaten in quantities varying from 1.75 
per cent (in January) to 16.78 per cent Gn May). Remains of no 
very important insect pests were found among the fragments from 
the stomachs, though several sawflies and ants were detected. The 
average for hymenopterans eaten during the year was 6.86 per cent. 

Diptera.—Two-winged flies make up the comparatively small per- 
centage of 4.29, or less than that of ine single family of coecinellids 
(ladybird beetles), although flies are almost universally present. The 
flies of the woods are in general of little importance, excepting the 
bloodsucking forms; and as these are not often found in the stom- 
achs, the economic importance of the dipterans in the food is slight. 

Other insects —Among the insects eaten which do not belong in the 
above classes are the stone flies, dragon flies, grasshoppers, crickets, 
and locusts (6.56 per cent for the year). In January this group is one 
of the most important, making 21.76 per cent of the food. February 
shows a slight decrease (18.38 per cent), and from then on the per- 
centage varies from 1.24 in May to 7.5 in August. In general, this 
group is of no more importance economically than the dipterans. 

Other anvmal food.—Spiders run very evenly in the food of birds of 
this species and are probably picked up whenever occasion offers. 
With the exception of February, when they amount to but 0.18 per 
cent, spiders are present in percentages varying from 1.51 to 5.55, 
the last figure representing August. The average of 2.63 per cent may 
be taken as a fair estimate of the quantity of this type of food eaten 
by the blue-headed vireos. 

Snails are sometimes eaten, but so rarely that they are not to be 
considered an essential part of the diet (yearly average, 0.25 per 
cent). 

VEGETABLE FOOD 


During the winter months vegetable food is of considerable impor- 
tance in the diet of this bird. In January nearly a quarter of the 
total was of vegetable origin (24.37 per cent) and in February less 
than a tenth (9.81 per cent). From March to and including August 
no trace of vegetable matter appeared in the food, but by November 
it formed 4.44 per cent. For the most part it was in the form of 
fleshy fruits, such as wild grape, dogwood, viburnum, and wax 
myrtle. No cultivated fruit was identified, and it is practically 
certain that none is eaten. 
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SUMMARY 


The economic value of the blue-headed vireos rests largely upon 
- their work in the consumption of caterpillars, moths, and hemipter- 
ans. Their destruction of ladybird beetles is to be regretted. The 
balance of favor, however, swings to the birds because of the over- 
whelming predominance of injurious forms in the food. 


THE WHITE-EYED VIREOS 
Vireo griseus, subspp. 


The white-eyed vireos, in their subspecies, are locally common over 
the greater part of the eastern United States and Mexico. They are 
preeminently dwellers in damp, dense underbrush, one of their fa- 
vored types of retreat being impenetrable growths of catbrier. In 
such places, during the proper season, one may hear the birds giving, 
in addition to their own song, impromptu imitations of other birds. 
The nest is similar to that constructed by the red-eyed vireo, but is 
placed lower, usually from 2 to 5 feet from the ground. 

In the Biological Survey’s collection of stomachs are 221 of this 
species suitable for tabulation. Light others, nearly empty, afforded 
additional information concerning food items. These were collected 
over the entire range of the bird during the first 10 months of the 
year. Vegetable matter plays a much more important part in the 
economy of the species than in the case of either the yellow-throated 
or blue-headed vireos, but slightly less than in that of the red-eye, 
amounting to 11.76 per cent of the entire food. (See fig. 7.) 
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¥ic. 7.—Monthly proportions of the various items in the food of the white-eyed vireos (Vireo griseus, 
subspp.), based on the analysis of the contents of 221 stomachs, with the average of each item for the 
year 
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Nearly nine-tenths of all the food eaten by the white-eyed vireos is 
composed of insects, spiders, and other animal matter; of this all but 
3.96 per cent is of insects. 

Lepidoptera.—Moths and butterflies and their larvae (caterpillars) 
make up slightly less than one-third of the food of this species and 
form the most important item of the diet. Of this portion, 20.66 
per cent is represented by caterpillars, and except for February and 
March a minimum of 18.7 per cent of the monthly food is of this 
item. The maximum is reached in August with a percentage of 
33.12. The adult insects, on the other hand, are not nearly so 
plentiful in the stomachs, except during February and March, at 
the time when the caterpillars have become scarce. Taking adults 
and larvae together, the total does not fall below 26.33 per cent, 
and rises to 37.93 in June. The yearly average for the adult forms 
- 9.83 per cent, which with the caterpillars makes a total percentage 
of 30.49. 

Hemiptera.—As with other species of this family of birds, the 
white-eyed vireos prey heavily upon stink-bugs (Pentatomidae) at 
nearly all times, although the toll taken in February and March is 
much greater than in summer. A second high point comes in Sep- 
tember with 15.74 per cent. The yearly average is 8.56 per cent. 
The rest of the bugs make up 11.71 per cent of the yearly food. 
April is the time of maximum consumption, with a total of 24.18 
per cent, and May follows with 19.25 per cent. Scale insects (Coc- 
cidae), which have not figured in quantity in the economy of the - 
vireos previously discussed, are eaten by the white-eyes to the extent 
of 2.85 per cent.. This is not a high percentage, yet, considering the 
small size of scales in general, it represents a great many individuals. 
In April, 12.78 per cent of the total food, or more than half of all the 
hemipterans eaten, was of the family Coccidae. 

Coleoptera.—Beetles of all kinds make up 12.78 per cent of the 
total food. The leaf-eating forms (Chrysomelidae) and weevils 
(Rhynchophora) represent more than half of these, or 6.99 per cent. 
Except for the Philadelphia and Bell vireos, no other of the vireo 
family eats so many leaf beetles as this, while in percentage of 
weevils consumed the white-eyed vireos are exceeded by three others. 
Ladybird beetles (Coccinellidae), with a percentage of only 1.36, 
seem not to be greatly in favor with the white-eyes. The wood-boring 
beetles make up 2.31 per cent, the scarabs 0.66 per cent, and all other 
beetles 1.46 per cent. 

Hymenoptera and Diptera.—Of the annual subsistence of the white- 
. eyed vireos 11.64 per cent is composed of wasps, bees, ichneumons, 
and flies. The hymenopterans appear in the food in moderate quan- 
tity each month, their greatest frequency being in May, at which 
time they have a relative value of 11.16 per cent. On the other 
hand, flies, though not found in stomachs collected after August, 
are taken freely earlier in the year. In June 20.43 per cent of the 
total food is made up of these insects, few of which are species of 
economic importance. 

Orthoptera.—In discussing the food of the white-eyed vireos it 
seems best to separate the grasshoppers from the miscellaneous in- 
sects. The average percentage for the year is 5.36. In January 
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they make up 13.25 per cent and in February 11.88 per cent of the 
food. In March the percentage drops to 4.79, in April to 0.52, and 
- in May and June none are eaten. A few are taken in July and 
August, and by October as much as 20 per cent of the food may be 
from this source. 

Other insects.—Miscellaneous insects other than grasshoppers make 
up 3.74 per cent of the diet. The quantities eaten from month to 
month dow no coordination, and the item appears to be greatly 
affected by chance. For instance, in January 5.68 per cent is to be 
referred here, in February none, in March 8.68 per cent. 

Other animal food.—Spiders are at no time very abundant in the 
food, although in August they form as much as 7.76 per cent of it. 
The yearly average is 3.59 per cent. Other animal food is composed 
fnaitily of snails, and in one stomach were bones of a small chameleon, 
the two together making up only 0.37 per cent of the whole food. « 


VEGETABLE MATTER 


In the spring and fall months foraging for suitable food compels 
the birds to turn to the berries and small fruits, which are usually 
to be had in almost any locality. In January 22.93 per cent of the 
entire food is vegetable, in February only 5.62, still less from March 
to July, in August 16.2, and in the next two months the percentage 
rises to 32.37. The vegetable food is composed of such berries as 
those of sumac, dogwood, wild grape, and wax myrtle, and has no 


economic importance. 
SUMMARY 


There is remarkably little in the food habits of the white-eyed 
vireos to condemn. ‘The record of this species for the destruction of 
ladybird beetles is not bad and is more than offset by the destruction 
of many caterpillars, moths, plant bugs, and grasshoppers. These 
birds take very few beneficial hymenopterans and no vattabie fruit. 


THE HUTTON VIREOS 
Vireo huttoni, subspp. 


The Hutton vireos, in their subspecies, range over the greater 
part of the Pacific coast and eastward into southern Arizona and 
western Texas. Throughout their range birds of this species are 
locally somewhat common in thickets along streams. There are in 
the collection of the Biological Survey 77 stomachs available for 
study, 70 of which contained sufficient food for use in the tabulations, 
Unfortunately, these stomachs were not collected in consecutive 
months, none in March, April, May, or November, and only a few 
in each of the other months. The data available show a preponder- 
ance of animal food (98.23 per cent), with but 1.77 per cent of vege- 
table origin. It is probable that an investigation of more stomachs 
will materially alter the conclusions reached at this time. (See 
Mek ANIMAL FOOD 

The animal food is made up of insects and a few spiders, no trace 
of the few mollusks usual with other vireos being found. Caterpillars 
and other lepidopterous forms are not the dominating element of 
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the food, as in most of the other species, but are subordinate to the 
true bugs. 

Hemiptera.—Nearly 46 per cent of all the food eaten by the Hutton 
vireos is composed of true bugs. A little less than half of this, or 
20.15 per cent of the total, consists of stink-bugs (Pentatomidae). 
So far as the available data show, no stink-bugs are eaten in June 
or July. As the percentage for August is 33.6, however, it is probable 
that more stomachs would give a more even distribution for this 
item. The rest of the bugs do not figure very high until June, from 
which time on they are, in general, the largest element in the diet. 

Lepidoptera.—Caterpillars, and moths and butterflies are about 
evenly balanced in the total subsistence of the Hutton vireos, the 
caterpillars amounting to 12.22 per cent and the adult forms to 
12.33 per cent. July is apparently the month when{this}kind of 
food is most in demand. 


Fic. 8.—Yearly summary of the various items in the food of the Hutton vireos ( Vireo huttoni, subspp.), 
based on the analysis of the contents of 70 stomachs 


Coleoptera.—Of the 13.25 per cent representing beetles in the food 
of the Hutton vireos, about five-eighths are ladybird beetles (8.12 
per cent). Ladybirds were found in nearly half the stomachs ex- 
amined and appear to be a common food. Weevils (2.75 per cent) 
were fairly evenly distributed, but the rest of the. beetles were found 
only infrequently. 

Hymenoptera.—Hymenopterans were found regularly in the 
stomachs, and rather remarkably, the two months with the high 
averages are December and January. This unusual condition will 
in all probability be modified when additional material is examined. 
Otherwise, the monthly percentages appear to be normal, and the 
average for the year is 6.3 per cent. 

Other insects.—Insects other than those belonging to the orders 
noted above occur so irregularly in the few stomachs examined that 
it is difficult to make any definite statement on their relative abun- 
dance in the food. During July, when miscellaneous insects should be 
taken in some quantity, none appear to be eaten, whereas in Febru- 
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ary, when according to our point of view few should be found, 
they amount to 14.1 per cent. The yearly average, from the data 
~ available, is 6.2 per cent. 

Spiders —Except for February, spiders were eaten in all months of 
the year that are represented by stomachs. The percentage is never 
high, December with 6.83 being the maximum and June next with 
4.16 per cent. The average for the eight months is 2.05 per cent. 


VEGETABLE FOOD 


The record of vegetable food for the Hutton vireos is fragmentary, 
though coinciding so far as it goes with the known habits of other 
species of this family of birds. Except for months when no vegetable 
matter was found in the stomachs, the known data show a steady rise 
in the quantity eaten as the year approaches its end. The December 
percentage is 7.67 as compared with 0.7 in August. The yearly 
average is only 1.77 per cent. 


SUMMARY 


The evidence before us, though of questionable value because of 
the limited quantity of material, points to the fact that the Hutton 
vireos have a propensity for consuming undue numbers of ladybird 
beetles and rather fewer caterpillars than other vireos. Final judg- 
ment should be deferred, however, until additional material is avail- 
able for analysis. 

THE BELL VIREOS 


Vireo belli, subspp. 


The forms of the Bell vireos, like those of the Hutton, are birds 
primarily of the western United States, though their range extends 
much farther east than that of the Hutton vireos. In the willow 
. thickets along water courses birds of this species may be found 
locally distributed in the greater part of the territory west of the Mis- 
sissippi River. nichouek the available material in the collection of 
the Eiplovical Survey suitable for examination consists of only 52 
stomachs, these were collected in the months from May to August, 
inclusive, and serve as a fair index of the summer food. (See fig. 9.) 
Eleven additional, partially filled stomachs yielded other data con- 
cerning food items. Nothing can be said of the winter food at this 
time. 

ANIMAL FOOD 


Nearly all (99.3 per cent) of the food taken is of animal origin, such 
forms as bugs, beetles, caterpillars, and Breeslioppets predominating. 

Hemiptera.—Bugs make up 34.48 per cent of the summer food of 
the Bell vireos. Of these about a quarter (9.34 per cent of the total 
food) are referable to the family of stink-bugs (Pentatomidae). 
More stink-bugs are eaten early and late in summer than in July and 
August. On the other hand, the rest of the hemipterans show a 
steady decrease as the season advances. In May more than half the 
hemipterous food was made up of bugs other than stink-bugs; June 
shows a decrease to 28.07 per cent, July to 11.61 per cent, and in 
August only 4 per cent belongs in this category. 
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Orthoptera.—No other species of vireo of which the food habits 
are known takes so as a quantity of such bulky insects as grass- 
hoppers, locusts, and the like. Though the present species is one 
of the smallest in size, it includes in its diet for July enough of the 
orthopteroids to make 34.88 per cent of that month’s food. This. 
form of food is essentially a summer type, none being taken in May, 
a considerable quantity in June, and 21.87 per cent in August. The 
average percentage for the summer months is 18.52. 

Lepidoptera.—About one-fifth (20.63 per cent) of the subsistence 
of the Bell vireos during the summer is made up of caterpillars, and 
of adult moths and butterflies, and their eggs. As the last-named 
items are rarely found in a stomach, the figures given refer mainly 
to the first two. Caterpillars do not become an important factor in 
the economy of the birds before June, although a few (1.67 per cent) 
are eaten in May; in each of the months July and August the con- 
sumption amounts to about 25 per cent, and the average for the 


Fig. 9.—Yearly:summary of the various items in the food of the Bell vireos ( Vireo belli, subspp.), based om 
the analysis of the contents of 52 stomachs 


four months is 15.89 per cent. Lepidopterans in other stages make 
up 4.74 per cent of the food, the consumption being heaviest in July 
(11.07 per cent). 

Coleoptera.—Beetles of all kinds make up 15.26 per cent of the 
summer food of the Bell vireos. Ladybird beetles are taken in 
moderate numbers and form 2.19 per cent of the total food. Weevils 
(6.09 per cent) and leafbeetles (3.98 per cent) account for the most of 
remainder of the coleopterous food. 

Hymenoptera.—Hymenopterans of all sorts (bees, wasps, etc.) 
amount to 6.44 per cent of the total diet during the summer months. 
The increase in consumption is at first slight, May and June being 
represented by 2.33 and 3.2 per cent, respectively. In July a sharp 
rise is noted to the maximum of 12.83 per cent; in August it is only 
ue The evidence at hand probably gives a fairly correct view of 
the facts. 
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Other insects and spiders.—The rest of the animal food of the Bell 
vireos is composed of a few miscellaneous insects and spiders and a 
_ very few snails, spiders (2.71 per cent) bemg the most important. 
The first appearance of this group of food items was in the stomachs 
of birds taken in June, at which time it composed 6.98 per cent of 
the food. An immediate drop to 2.52 per cent took place the next 
month, and the percentage in August was nearly the same. 


VEGETABLE FOOD 


It is not until July that the Bell vireos feed on wild fruits. At 
that time 1.57 per cent of the subsistence is of vegetable matter. 
In August the percentage decreased slightly to 1.25. The average 
percentage for the year is only 0.7. 


SUMMARY 


During the summer months the Bell vireos consume a great many 
injurious insects and very few beneficial ones. Grasshoppers, 
locusts, caterpillars, and moths are frequently injurious to man’s 
best interests, as also are many of the hemipterans. The percentage 
of these insects in the food of birds of this species is 73.58, nearly 
three-fourths of the total. Of the remainder about half the beetles 
and hymenopterans are injurious. This will add about 11 per cent, 
leaving about 16 per cent of the food of debatable import. As the 
small quantity of vegetable matter eaten is of no economic significance 
it may bedisregarded. Ladybird beetles are about the only beneficial 
forms that the birds take, and these are not consumed in very great 
numbers. 

GRAY VIREO 


Vireo vicinior 


_ The gray vireo is a rare bird in a restricted range, and for this 
reason is of very little economic importance. It may be seen in 
southern California, southern Nevada, Arizona, New Mexico, as far 
east as western Texas, and south to northern Mexico and on the 
peninsula of Lower California. 

There are only two stomachs in the collection of the Biological 
Survey, and, while from such limited material it is impossible to draw 
more than an inference, it may be said that the habits indicated are 
similar to those of the Hutton and Bell vireos. Caterpillars and a 
small moth were found in one stomach, together with a stink-bug 
(Prionosoma podopioides), a tree hopper (Platycentrus acuticornis), 
and a tree cricket (Oecanthus). In the other stomach two dobson 
flies (Chauliodes), a small cicada (Tibicinoides hesperius), and a 
long-horned grasshopper made up the greater part of the contents; 
two beetles (Acmacodera neglecta and Pachybrachys) complete the 
list. 

Because of the relative infrequency of its occurrence and the 
chiefly beneficial nature of its food habits as here indicated, it is 
probable that the gray vireo will never prove destructive. 
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TABLE 2.—List of items of animal food identified in stomachs of vireos and thé 
number of stomachs in which found } 


Kind of food 


Red- 
eyed 


Phila- 
delphia 


Total number of stomachs exam- 
ined 


CLASS Gastropoda (snails) 


Unidentified 
Zonitidae: 
Zonitoides arboreus 
Helicidae: 
Pyramidula alternata 
Helicodiscus lineatus 
Polygyra jejuna 
Vallonia sp 
Pupidae: 
Pupa armifera 
Pupa sp 


Cuass Arachnida (spiders, etc.) 


Order PPEUDOSCORPIONIDA 
(pseudoscorpions) 


Cheliferidae: 
Chelifer sp 

Obisiidae: 
Chthonius sp 


Order PHALANGIDA 
(harvestmen) 


Unidentified 
Order ARANEIDA (spiders) 


Unidentified 
Argiopidae (orb weavers): 
Unidentified 
Tetragnatha elongata 
Tetragnatha straminea 
Tetragnatha sp 
Araneinae, unidentified 
Scoloderus tuberculiferus 
Aranea, sp. 
Micrathena gracilis_____.__...-- 
Thomisidae (crab spiders): 
Unidentified 
Misumena sp 
Xysticus sp 
Clubionidae: 
Clubiona sp 
Lycosidae (wolf spiders): 
Unidentified 
Sosippus sp 
Lycosa sp 
Attidae (jumping spiders): 
Unidentified 
Synemosyna formica 
Phidippus sp 
Thiodina puerpera 
Dendryphantes capitatus 
Dendryphantes sp 
Wala palmarum 
Pellenes sp 
Lyssomanes viridis 


Order ACARINA (mites) 


Parasitidae (unidentified) 


CLAss Insecta (insects) 


653 


Unidentified adults 
Unidentified eggs 


84 


10 


War- | Yellow- | Blue- 
bling | throated | headed 
356 160 329 
1 2 5 
Wee: OR eae 1 
pee a es | oe eke Be at 
yes ee rs EE Pee 
ewes ort | eee 1 
1G Ee ie Se es a 
amermeey (co Eee? Bee 
Uy | pes seen erp! |e alae aa 
SS ees 3 B| Kees aek 
pape RUE LS oe ee 8 


Tee oe 1 
11) ee $a hg See 
if dade eal 1 
SEe —— 
17 6 14 
1 (age beh el 
2 7 NS 
aga Ree, lee EPR 
i a DL seal es ae) 
i a 
| 
| 
2| 1 2 


White- 


eyed Hutton 


229 


Bell 


1 The number of stomachs recorded here often exceeds the number used in tabulating food percentages 
as recorded in the text, because a portion of the stomachs examined did not contain sufficient food for the- 


estimation of percentages but did yield data concerning food items. 


The food items of the black-whiskered 


vireo (4 stomachs) (see pp. 3-4) and of the gray vireo (2 stomachs) (see p. 27) have not been included in: 


the tabulation. 
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TasBLe 2.—List of items of animal food identified in stomachs of vireos and the 
number of stomachs in which found—Continued 


Kind of food 


Total number of stomachs exam- 
TEE CEVO Et ou 8 NAIR 9 pe ae ea 


CLASs Insecta (insects)—Contd. 
Order ODONATA 


Arsia bipunctata__..- 2 =--.-.-- 

Argia s Tt te. 
spo a (dragon flies) unidenti- 

ed 


Order EPHEMERIDA (May- 
flies) 


Unidentified 
Unidentified eggs 


Order PLECOPTERA (stone 
flies) 

Unidentified 

Order ISOPTERA (white ants) 

Unidentified 


Order ORTHOPTERA (grass- 
hoppers, etc.) 


Phasmidae (walking sticks): 
Unidentified adults 
Unidentified eggs 
Diapheromera femorata___---~- 
Diapheromera femorata (eggs) -_- 

Acridiidae (short-horned grass- 

hoppers)’ 
Unidentified 
Tryxalinae, unidentified 
Acridiinae, unidentified__ 
Mrclanoplus Spe a.) 222 22 JL 
Tettigidae (unidentified grouse 
LED EST) im pep ce  S a ae 
Locustidae (long-horned grasshop- 
pers): 
Unidentified adults___________- 
Unidentified eggs_____-________ 
Neoconocephalus sp_____-_-__-- 

Gryllidae (crickets): 

Unidentified 
Oecanthus sp 
VOIDS SP 2) 2 Bs bd 


Order PALAEOPTERA (roaches) 


Blattidae (unidentified eggs) ______- 
Order DICTYOPTERA 
(mantids) 

Gaertn OH 2 al elers ET ae 
Order CORRODENTIA (book 

lice) S 
LIPO TA TES by, oie ae aR eS Reace Sisia 
Order NEUROPTERA (stone 


flies) 
VM, ee a SI RS ees EC a 


Order HEMIPTERA (true bugs) 


Unidentified adults.....-...._.._- 
Unidentified exgs._........___.. 
Scutelieridae (shield bugs): 
Dioleus chrysorrhoeus...__-__.- 
Eurygaster alternatus........ 
Cydnidae (negro bugs): 
Corimelaena sp 


Red- | Phila- | War- | Yellow- | Blue- | White- 

eyed |delphia| bling | throated |headed| eyed |HUtton) Bell 
653 84 356 160 329 229 77 63 
PAHS ll 1 7 1 1 i 
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Tasun 2.—List of items of animal food identified in stomachs of vireos and the 
number of stomachs in which found—Continued 


Kind of food 


Total number of stomachs exam- 
LT Chee ey SEB tas ti ea SO 


CLASS Insecta (insects)—Contd. 


Pentatomidae (stink-bugs): 
Unidentificdes = sui iee ae 
Unidentified eggs____________-_- 
Brochymena affinis___.---__-_- 
Brochymena arborea_---------- 
Brochymena CarioSa__-.-------- 
Brochymena quadripustulata__ 
Brochymena sp_-_-------------- 
iPenibalus(Sps.5:52 2 See ee 
Mormidea lugens_______-___--_- 
Euschistus tristigmus_-____-_-__ 
HUIS CHISUUSISD yee eee 
C@osmopeplaspess- ee 
Thyanta custator__.----------- 
SERIA UTA TANS JO ees tes ee re kere 
INiezara hilanis! sss see as 
ING Ai Soe ae ee 
IBanasaispssh ees So ee 
Dendrocoris contaminatus_____ 
Meadorus lateralis_____________ 


Podisus placidus________._---__ 
IRodisus'spe ase 

Coreidae (Squash bugs): 
Unidentificds =a ies ae 
Leptoglossus sp____------------ 
AnaSa armigera____------------ 
Alydus pilosulus____---------_- 
VAS GUISIS Dues ee ee UE ees 
COniZUSs\Sp see Ol Ren ee 
Leptocoris trivittatus 

Lygaeidae (chinch bugs, etc.): 
Wmidentiti cdl ein wees 
Lygaeus bicrucis..._----------- 
Belonochilus numenius-_--__-__ 
Ischnorrhynchus sp-__--------__ 
Oedancala dorsalis. _._.--.---_- 
IS yMOCOLIS |S e er eeee 

Phymatidae: 
Phymata fasciata_-._--.---_-__ 
Techyooe ye Spoke eh 

Reduviidae (assassin bugs): 
Unidentificdh =i ss 2 ea 
Unidentified eggs 
ZeWIsyexSan gist eet eae ee 
ZLiCVUSIS sek Sian ann en 
ANCHO asp ASE ss es 
Sinea diadema-______._-_---_-_- 
SInGays pees Bee Eee 

Nabidae (damsel bugs): 
INabis\sp 2 22st eee SE eer ee 

Capsidae (plant bugs): 

; Unidentified_-__.....------___- 
Lygus pratensis__.._...---._-_- 

Cicadidae (cicadas): } 
UmMidentitied aaene seen 
PID ICE TAPS ea eee ene ne 
CWiICAd aS pits eens a nM 
Platypedia putnami_______.____ 

Cercopidae (spittle insects): 
Unidentified ___________--_--._- 
Aphrophora parallela____._..... 
Aphrophora quadrinotata_-_-_--_- 
Aphrophora sp__._.__-----..---- 

Membracidae (tree hoppers): 
Unidentificds=223 
@eresaspee shi seco 
Stictocephala sp_...___--------- 
Acutalisicalvales 2s: aaee enn 
Telamona sp________------ 
Telamonanthe rileyi_--___- 
Cyriolobusisp= eas 
Vanduzea arcuata_.____-..----- 
Hntyliaisinvatas: seas 
Platycotispminaxs sss 
IPI aGYCOLISIS Deen see 


Red- 


eyed 


653 


Hutton) Bell 


Phila- Blue- | White- 
delphia headed| eyed 
84 329 


229 77 63 


Mylocentrussneti cul ats es eke ee eT CE Sa eRe EOE SU es cae OG fas ER : 
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TABLE 2.—List of items of animal food identified in stomachs of vireos and the 
number of stomachs in which found—Continued 


Kind of food 


Total number of stomachs exam- 
ined 


CLASS Insecta (insects)—Contd. 


Cicadellidae (leaf hoppers): 
Wanidentified so 222222202 ek 
iblocerpIsiSpst oo ce ee 
Aulacizes irrorata....__...-..-- 
Avilacizesispeess 8 2 a 
Graphocephala coccinea____..-- 
Gijon spleens ee see eels 
Xerophloea sp_..--_------------- 
BR seracie pee ner wih Winey) 
PRGHYSAAHUS SP = oe oe Stele 
BRIGPSIHIS Spe ot ese hes 
Thamnotettix sp____._.__....__ 

Delphacidae (unidentified) -_______- 

Psyllidae (unidentified jumping 

plartaice pene nae ES 

Aphididae (unidentified plant lice)_ 

‘Coccidae (scale insects): 
Wimdentified 22 seek! 
Lecanium caryae_._......-..... 
Lecanium pruinosum_-_.__-__- 
Becanium corni_ 2222222222 
IMecAMIIIM Spree. gee Law l 
Neolecanium sp.____--.---.---- 
Mormesykinpiin 22. 2) ese hs 
iivaiAariat Vitis oes os seh 
Toumeyella liriodendri_________ 
Saissetia oleae..__..___.._------ 


Order LEPIDOPTERA (butter- 
flies, moths, etc.) 


Unidentified adults___-__.____.._- 
Unidentified pupae---__.__.-_____- 
Unidentified caterpillars__________- 
Unidentified eggs_________._______- 
Papilionidae (swallow-tailed but- 
terflies) : 

Papilio troilus (caterpillar) -___- 

N ee (brush-footed butter- 


Chorippe celtis (caterpillar) -___ 
Hesperiidae (skippers): 
Unidentified adults___.________ 
Unidentified caterpillars. -___.__ 
Sphingidae (hawk moths): 
Unidentified caterpillars____.__ 
Ceratocampidae: 
Anisota sp. (caterpillars) -___.__ 
Arctiidae (tiger moths): 
Unidentified caterpillars ______- 
Noctuidae (cut worms): 
Unidentified caterpillars_..-__- 
Apatela sp. (caterpillars) -_..___ 
Acronycta afflicta (caterpillars) - 
Neuronia sp. (caterpillars) ----- 
Notodontidae: 
Unidentified caterpillars -_------ 
Notodonta unicornis (caterpil- 
Nn ea me be pen eae 
Heterocampa sp. (caterpillars) - 
ee marthesia (caterpil- 
BND ere Sete ee ewe ta 
Lasiocampidae (tent caterpillars): 
Malacosoma sp. (eggs) --------- 
Geometridae (loopers): 
Unidentified caterpillars.....-- 
bea acre 


Gieane = 
51 6 18 9 
AREMP EA |5 bh Ae 1 
Rae RRR | a ea a a Li 
BiVES Lees. -|TMOMUE Mahal Tee 
Cee evan Me ENTE Ne i 
Soe eae ee 1 
aa OE 2 oe 1 
35 4 28 53 
16 2 19 4 
371 42| 202 78 
4 1 7 3 
S| i fer oo EEA a 
iy). 8. _ | eal ote 
|B. 2. eee 
ed ya eee wret NE 
Hil | Ue Le Oe 
thee eeelexs si: | aaa 1 
i ates 1 | Aes New ae ome 
Blots). 2 a EM 
A amma (02 
1,5. ___ | a ot 
ig eet eT ee 
1 1 | epee. 
1s[2 oo) ame Oa ee 
7 ene A ae 
5 Ca Berea 
Glos 223i -| Sea ala he 
1.1 o.---c) Semmes os oe 
Spiele ENRENES | Bleak. ose 


Red- | Phila- | War- | Yellow- | Blue- | White- 
eyed | delphia| bling | throated | headed} eyed Hutton) Bell 
653 84 356 160 329 229 77 63 


10 44 

1 [eecetoae 

1A sh oaeee 
Re a thea 2 
57 39 

3 “4 

145| 128 

16 24 
uae rhe 1 
BRERA 1) ii] 
mio auaaal eon an i 


cfiteseclas 2 
bode UM 1 
Pt oC el see ee 

19 5 
inne Bees 

3 7 
Heese 1 
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TaBLe 2.—List of items of animal food identified in stomachs of vireos and the 
number of stomachs in which found—Continued 


; : | 
: Red- | Phila- | War- | Yellow- | Blue- | White- 
Kind of food eyed |delphia| bling | throated |headed| eyed | Mutton, Bell 
Total number of stomachs exam- 
51:10 eee ea Oe ee Seer 653 84 356 160 329 229 rash 63- 
Cass Insecta (insects)—Contd. 
Order COLEOPTERA (Beetles) 
Suborder COLEOPTERA Genuina 
Unidentified 24 Sa ae 49 1 12 7 6 9 14 4 
Carabidae (ground beetles): 
Umidentinied sey oe as ee Bf | ee eine 1 gy | aes A) gn ant ct |e ch) aE [sh ener 
IPterostichus!sp 225 oe sas eae Dos 22 = = Soe ei e a AS a See PRSSS PIS a| TaD See eee 
Plat yaitists peemaee ee ete me ithe eeeees Sans Tesla ener sted [rari si sslhc cents ee ee fe 
ebiaionnata 2 eats ESS See I j | eeeeeleen Ieee eileen els) | = 
eDiayviniGis se. - seen tans eee G3 psiapeaes i gene SATII EIS CIPS SSS Pe ee 
HE DIAS Dee eens a ee ee ee | 1 il eee PCRs 2 ee eee a 
Callida viridipennis___________- Plist.. 7 Sesto eee see e Seer ne ee peak oem “3 
Ar pal listsp see sens aun oes) We ey eeie NOS Se serpin bar eke De ee a ee eee pe 
Hydrophilidae (water beetles): | | 
ESVOTOCHUS|SP see te hen eee ee he Ls ea meet eee fee ta oe Ee ae Lo [S522 322 eee a 
Pinihy GEUS|S p22 ea es Se ere Tepes seas 2) e SSE III ASSL SSE = a ee 
Staphylinidae (rove beetles): | 
Unidentified===2=s) Ee ae 1 1 
Philonthus sp 
Paederini 


Cryptobium sp 
Tachinus sp 
Phalacridae: 
(Wii den tified ase en ae eee 252 eta ! 
IPhalacruswpoutuss=- ease eee yy |e = ae Scheie 
Coccinellidae (ladybirds): | | 
’ Unidentified 
Anisosticta strigata____________- 
Megilla fuscilabris___.__________ 
Hippodamia ambiguad__________ 
Hippodamia convergens________ 
Hippodamia parenthesis ____-___ 
Hippodamia tredecimpunctata_ 
Hippodamiaispesse sass nS 
Cycloneda munda______________ 
Coccinella abdominalis 


Coccinella transversoguttata___ 
Coccinella trifasciata___________ 
Coccinella trifasciata juliana ___ 
Coccinellaspie a ele 
Adalia annectans ______________ 
Adalia bipunctata______________ 
Adalia frigida 
Adalia sp_- 
Anisocalvia 
SULT AT ARS se eT 
Harmonia duodecimmaculata __ 
armontapictassss- see 
Neomysia pullata______________ 
Anatis quindecimpunctata 
Anatis 
mali 
Psyllobora vigintimaculata 
Chilocorus bivulnerus 
Axion tripustulatum ___________ 
Brachyacantha ursina__________ 
Brachyacantha sp______________ 
Hyperaspis signata_____________ 
Hyperaspis signata binotata____} 
ELyiperaspis|ispse eee 
Seymnus collaris______________- 
Scymnus haemorrhous_-___-_-_--- | 
SCYIMNUSISD 2542s eee | 
Colydiidae: 
Lasconotus complex ____-2-____|______- 
Histeridae (shining carrion beetles): 
Winidentificd aaa a. oa 
Unidentified (larva) 
Hister perplexus 
Temnochilidae: 
Tenebrioides sp. (larva) 


quindecimpunctata 


$6 SSS eas see Ses |SSe ss 52555) |S55Ssses|—Sb-s---)) 9 Jee nsseoce 
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‘TABLE 2.—List of items of animai food identified in stomachs of vireos and the 
number of stomachs in which found—Continued 


Kind of food 


‘Total number of stomachs exam- 
TREE TG |e pul 5 ee Mle ae Vi 


CLAss Insecta (insects)—Contd. 


Elateridae (click beetles): 
Wridentified ] ov) 
Deltometopus amgenicornis____ 
Hlateminteus. 062 es ry 
Elater nigricollis_____.._.___.__ 
PAAECTES ee eee ota Se CLR 
Drasterius sp 
Agriotes ferrugineipennis_ 
Agriotes oblongicollis_____ 
Agriotes stabilis___.____________ 
PREIHOLESISD Us fe 
Melanotus americanus_-_-_______ 
Melanotus communis 
Mielanotusisps.—_- alt 
Limonius basilaris_____________ 
Limonius crotchii______.______- 
Limonius griseus_______________ 
Limonius quercinus___________- 
NIAGHINS Spe e 
Athous brightwelli__._________- 
Corymbites aethiops__________- 
Corymbites hamatus___________ 
Corymbites hieroglyphicus_____ 
Corymbites propola____________ 
Corymbites resplendens-_______- 
Corymbites spinosus__________- 
Corymbites tarsalis____________ 
Corymbites triundulatus_______ 
Conympites sp) 222 
Hemicrepidius decoloratus_____ 

Buprestidae (metallic wood borers): 
Unidentified 
IDICRUCAISD eee to ek NTT 
Trachykele lecontei 
Cinyra gracilipes.______________- 
Melanophila drummondi---_-. 
Melanophila sp___________- Y 
Anthaxia quercata_______ 
PAUIARTASP Po See NE 
Chrysobothris chryseola_______- 
Chrysobothris femorata 
Cunysobothrisisp.--2 2 
Acimceodera tubulus_ _--_______ 
Aprils egenus...-...4...__.2_- 
PT MUSIDOUUIS =~ =.= 
Agrilus ruficollis 
LOGI CC DES Vi See eee Ie 
STAC MMR AGTOSA. hol 
TAD SIST Ar ceo to ele 

Telephoridae (fireflies) : 

Shauliognathus marginatus___- 
Chauliognathus sp 
Telephorus scitulus 
MCIEDMOTUS|SD-- 022. Se. -2- ssc 

Malachiidae: 

Malachius spinipennis 
PADUCUMISNE ooo soe 5 Te 

Cleridae (checkered beetles): 
Cymatodera ovipennis___-.__-- 
Derestenus furcatus_-_---.____- 
secierns ichneumoneus (lar- 

va 


Placopterus thoracicus_--__-__- 
Hydnocera discoidea.___._._.-- 
Hydnocera pallipennis._-__.__- 
Hydnocera unifasciata 
Hydnocera verticalis........._- 
Phyllobaenus dislocatus_. by 
Orthopleura texana 
Ptinidae: 
Eupactus nitidus._.........-.--. 
Eupactus punctualatus.-_.-._.- 
Eupactus viticola 
Catorama sp 
AONOCATUSD 25, pasideossbe tas 


Pe TMINITIM TILECOLNI Gt oe oe. oho e lean mand leanne nl ~w eRe eae eats 


Red- | Phila- | War- | Yellow- | Blue- | White- 
eyed |delphia} bling | throated | headed} eyed Hutton) Bell 
653 84 356 160 329 229 77 63 
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TaBLe 2.—List of items of animal food identified in stomachs of vireos and the 
number of stomachs in which found—Continued 


F Red- | Phila- | War- | Yellow- | Blue- | White- 
Kind of food eyed |delphia| bling | throated |headed| eyed | Hutton} Bell 


Total number of stomachs exam- 
Tne GS OL ONEnS 2 =p eeeniee eae 653 84 356 160 329 229 77 63 


CLASS Insecta (insects)—Contd. 


Bostrychidae: 
Polycaon: plicatus. 25 esa oa nn ee ae a BOE 
Amphicerus bicaudatus 22232 4) sees 1 dh-|2 do's 2 

Lucanidae (stag beetles): 

Platycerus quercus_____________ 1 

Scarabaeidae (dung beetles and 

leaf chafers): 
Unidentified. .-.. 2.22122 ee 
Ataenius cognatus______________ 
Aphodius femoralis_______ 
Aphodius fimetarius 
Aphodius granarius___________- 
Aphodius inquinatus___________]_---_--- 2 
Aphodiusilividus! 25 sss wi Se Eee 
Aphodius wolcotti22 =. ee 
Aphodiusisp=- fe. Sy ee 
Hoplia trifasciata_____._________ 
Hopliasp se oa es Ee 
Dichelonyx-bachin ew 
Dichelonyx crotchii_-______-__-|__-_---- 
Dichelonyx elongata___________ 
Dichelonyx fuscula___2________- 
Dichelonyx subvittata 
Dichelonyxsp.-2- see 
Serica/sericeas-2 2000 ee 
Sericaisp sae oe Soe 
Phyllophagaspaen sewn ae 
Anomala binotata______________ 
Anomala lucicola_______________ 
AT onialaro blivias oye eae 
Anomalasspisss--saue sue eee 
Gnorimus maculosus__________- 
JRrichigs:Sp=) Acs. pele duets 
Valgus squamiger-______________ 
Cerambycidae (long-horned wood 
borers): 
Unidentified. sss ee 22 3 8 19 28 6 6 74, 
Phymatodes amoenus_________- Wh eee en 3 ee de el es el 
Physocnemum brevilineum _-___ Me 8 4 . Toft 1 
Elaphidion villosum___________ Ty | 2 ieee | te ree 2 
BMIADHIGION S Pere ese oe lm OL ee LE ee eck es 
IMolORGHUS DIMAcHl a hUse soe =| tees | Le a ea ae 1 LS a 
IMOLORCDIS|S Piet eee eee aS ees 1 
xXsylotrechusicolonus2 oe ee eet Be er 
Xylotrechus sp___________-___-- SD rer ee T. | ewes ou] = 22 SEL Ee ee 
INeoclytusienythrocephalust225| Same sss St = eek ee | eae DL | es Sp 
INGOO NAHE ee ee 
Clytanthus ruricola___________- 
Clytus marginicollis___________- 
Clytus:spo ko eee 
Cyrtophorus verrucosus 
BUI Gerces pin = Hass atelee ere ee 
inuderces speek is is ieee 
Centrodera picta_______________ 
Acmaeops directa_____________- 
Gaurotes cyanipennis__________ 
Anthophilax viridis___________- 
Anthophilaxispsss2 sees 
ARV POCETUSIS D5. = apes 
Leptura militaris___.._________- 
Leptura nitens= 222). eet 
Leptura scripias. eas 
Leptura sphaericollis___________ 
Mepitirayeagans = -- eae tae 
Leptunawattata soo k ee 
Lepturasps aces sh 
Ipochus fasciatus______.______-- 
Psenocerus supernotatus_______|--___-__|_------- severe yt len 1 
Leptostylus aculiferus__________ Ie PS 82 SEU Vr | FI SN 1 1 
ED TOSEVAUS!S [ete meer aan | RR Be |e 1 1 1 
Liopus adspersus_____-_____-___- yr (eee 8 | ve Sees | PERC mn eee eer Weng onenae ery Vee!) a 
STOO UES ceil po Hae os SI i NE YL ee | El | ear 2 | ee 1 
EVOPUSHEAS CH CUT RTS ae pes ka a tea | (oN Ee eo cee sd ied a 1 
TUIODUSIS Pre eae nae ee eae Tea ee 1 3 1 2 
GED EUEZES UST CL ee ie Ee ee oa L.|..2-2224 6 oe 
GOD FUFLES: SILT TUS ee se eal ico el |b al a al |e ee |. 2 Aa eS py ee 
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Taste 2.—List of items of animal food identified in stomachs of vireos and the 
number of stomachs in which found—Continued 


: Red- | Phila- | War- | Yellow- | Blue- | White- 
Kind of food eyed |delphial bling | throated |headed| eyed |U¥tton| Bell 


Total number of stomachs exam- : 
TEE 5 eee 653 84 356 160 329 229 a 63 


Ciass Insecta (insects)—Contd. 


Cerambycidae—Continued. 
Hyperplatys maculata_---.---- Av a 1 By eeu uy | [er ea ees 1 
EBV Menplany Ss SD esta he of fe 1 1 
LE EVE CY a BLESS} Cha AS | | GL a Nets aT 
Ecyrus dasycerus_-_-._..------- a | ar gf eg a | Ls AN 
NB APACMYSIS MU Me se ee eae es A Tes a ee RS ae Yn PU ee Sa | a poe es 
Saperda lateralis_____..___---_-- yA | i || Sea PSN a eT SACKS SI RES 
Saperda tridentata____________- Pp (EN RN | ES || EP a AG a GA | eh a | Py Ns ea 
Dabekeaspenee LL se CA ee 2 SRY EI Se A Se arg IM 
Meeas inornata - 2... _-_- Np | ape ari | A + loch A pk ar | lek Ke | eg Det (Sahes 

Chrysomelidae (leaf beetles): 
Unidentified adults___________- 30 5 25 4 8 24 5 5. 
TUE SNS Ere PETS) Ae eZee SA ah ay AN Cea a] MR 1 ea SY Ae eA NB DCE 1 
BINACIAMeMaAlisn eel a ee Gost LEH te ANSTO uy 1 Ei i 0 fs oP 
WaHacispes-sse te a | Re | lpn | ee yer cee | cates oo ieee 
Grsedaena atra =.) 3 3 Spe fer al |e 1 al ee 
Zeugophora scutellaris __ 
Syneta carinata_________ 1A) [ee SDE SVD eae aM is all LoL eee be eae er 
Syneta ferruginea___________-_- 2 2 7 aii (ESS ere CI a 
SUVEIE 2) Gye) SES Se ee eae | ee ene (gE A Rs UREA eR (OO Pas 
Saxinis omogera______-.-_--_--- 7 PERI NS| P ) L S  L V VA  U  P Ua aOe 
(OU TELPVEEEY SS [OU Y ey SL Oe Sit A ead my |e AN | pe ce CH a a 1 bs ae an PR 
PEFASS AEM SISOU pT Sse rue eae ss ANE | 1 a |e Eph) eo Re owas eee zi 
EP EVBINCOD aA HSICAStanens.. s.8|25 0200 WEN nal a a Ae ae ea Re ale eee eer 1 
Cryptocephalus guttulus_____-_- 1 ae eee a I le ele ed Ls 2 eae ee Le as 
Cryptocephalus mutabilis_____- AT Ve aN | Bi APE Bl Ws al Sth apap (eh EA 
Cryptocephalus quadriguttatus |--______]__-____- | Sotto Bar OR Su ety Say) Nn a 
Cryptocephalus quadrinotatus - 0A | PP VFA | “4 ate AB Pas Le Mec gM a 
Cryptocephalus sp_______--_-_- SL GAS cS PAE ea SA | San cr Sif lie aie | aaa ce 
Pachybrachys abdominalis__-___ iG) | Se en AS Yh Sc ae i BE [nen ls oe Ne 1 
Pachybrachys atomarius 
Pachybrachys viduatus-________]_--___-- 
Pachybrachys sp______.____-___- 
Myochrous denticollis___-_____- 
Glyptoscelis barbata_-____-___-- 
Glyptoscelis pubescens_______-- 
Glyptoscelisisp.2225.-2 4-2... 
Typophorus canellus__--_---_-- 
‘iymanespicipes-. 1 3 
SETIMNECSTICOLOL 222 bo 
STL CT ye a ee eS 
Xanthonia decemnotata_______- 
LETT a CaS i eres Ie 
Colaspis brunnea_-_--___--_---- 
Colaspis favosa...-..----------- 
I BISATIMR Dene Doo ee 
Nodonota puncticollis 
Nodonota tristis...-.---.-.---- 
MOGONObA BDA =22 3 .- ~~ -- 4 
Chrysodina globosa_____-___-__- 
Gastroidea dissimilis___________ 
GASIEOIAGEGAED fc 222252020 -._ 
EAA Anberrupts.2e4i2 
Lina lapponica..-----.-----.--- 
EXORSCIIDIA I eo so aul 
LO Tirs fp e See Re eS Serene ae ae 
Ceratoma trifurcata _......-.__- 
CET EIETs SB (ORS See | eee | See 
DIGHOMA COUSDULAea sneak |ooee oa n|~ oa eoe ne 
Diabrotica duodecimpunctata__ 8 1 1 || ee eaene De ears 2 3 1 1 
Diabrotica vittata._-...---.-.-- 
PAREONCS BD sie Soi docbot aoe | 
In: (yh Le a is | 
Oedionychis limbalis 
Oedionychis sexmaculatus-__-___|-------- 
Oedionychis suturalis......___- ae ees 
Oedionychis sp._.-...---------- Hee 
Disonycha pennsylvanica.._...|..------ 
Disonycha triangularis._.-.._-_- 1 
Pisonychs sp. 252.202.5524. Web ss an 
Phyllotreta picta.........----.- 1 
Haltica chalybea__.-.....---..- | 2 
PEA ticd {OTNLAt. ..- on anon mm J 
PION ACC AY 55 ce dis. dad ed wncn | 6 
<P ABLOCKOING BD. koe nasa eel eae aren 
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Taste 2.—List of items of animal food identified in stomachs of vireos and the 
number of stomachs in which found—Continued 


Kind of food 


Total number of stomachs exam- 
ined 


CLAss Insecta (insects)—Contd. 


Chrysomelidae—Continued. 
Crepidodera helxines 
Epitrix parvula 
Systena bitaeniata 
Systena marginata_-_____ 
Systena sp 
Dibolia borealis 
Chalepus dorsalis 
Chalepus nervosa 
Chalepus rubra 
Stenispa metallica_____-_--____- 
Coptocycla bicolor 
Coptocy.claispse=s2 = ees 

Bruchidae (bean weevils): 
Spermophagus robiniae 
Bruchus cruentatus 
Bruchus prosopis ------ pals 

Tenebrionidae (darkling beetles): 
Unidentified 
Haplandrus ater 
Blapstinus metallicus_-_______- 
Blapstinus sp 
Hypophloeus sp___--_-------__- 
Helops aereus 
Helops micans 
Helops sp 
Strongylium crenatum 

Cistelidae: 
Hymenorus sp 
Cistela brevis 


Isomira sp 
Melandryidae: 
Unidentified 
Synchroa punctata_____________ 
Marolia fulminans 
IDO AHO OURS Oe 
Mycterus scaber 
Oedemeridae (unidentified) 
Cephaloidae: 
Cephaloon lepturides 
Mordellidae: 
Unidentified 
Mordella octopunctata 
Mordellays past ssa ese Wien nl os 
Anthicidae (flower beetles): 
Unidentified 
Eurygenius sp 
Stereopalpus sp 
Macratria confusa______________ 
Notoxus monodon_____-________ | 
Notoxus sp 
Pyrochroidae: 
Dendroides sp______-___-_______ 
Meloidae (blister beetles): 
Pomphopoea aenea______-______ 
Pomphopoea sp 
Rhipiphoridae: 
Rhipiphorus pectinatus 


Suborder RHYNCHOPHORA (weevils) | 


Unidentified 
Anthribidae (fungus weevils): 
Ischnocerus sp 
Anthribus cornutus 
Brachytarsus'spl2 0-228) 
Araeocerus fascicularis 
Curculionidae (curculios): 
Unidentified 
Rhinomacer sp___-----------_-- 


Red- | Phila- | War- | Yellow- | Blue- | White- 
eyed |delphial bling | throated |headed| eyed |Hutton, Bell 
653 g4| 356 160|- 329] 229 77. | 63 


ATT E CES Spee eres Cintas rem oie meron 
Eugnamptus collaris 
Eugnamptus sp 
Rhynchites bicolor___--_______- 


P| laid deh is || eee 
(fi Il eecs elseincian | ibe Sea 
Fa ea SM 
ia | eieteacts ate 1 
a pile nile ete ial 2 
a I page oa) || 2, 
arora og aR POG 
De | sitar nce iva pases 
paeded foasld Manes oF 
WoueR Spanien. i ane ars 
| 
iN ees GEE: Reser 
rears aE ae 
SoMa MCAS) 8 RL RS 1 
Ti 10 27 
Gal Peeepepeeeee = Peet eee 
Anite ol ang oon 
Dao Gis| Cl aNOee Tei 
bly fl eee ee 
bls pee a bee ce 
reeee 35 coun RATE 
a ela one 


1 2 
i eee 
1) | =2ectioe 
eT shore 
psa 
oe 1 
2 3 
Pn Pr ra) 
seee ved PON r 
veueaw ds 14 
sees aves 1} 
caveedaa) <hlfegh 2 
| 
sa apes dea) | CPE Ue 1 
23 35 
Sa uesinaid| ewan 1 
PPR GT) 3 
Bitar ees 
1 
1 


ZELIQEOEN 1 
EiTsomoU EADS 
Sat eked 1 
Corp er Ae 

12 11 
ates stay SI.) jo--=---- 
EAT CM peep a 

| 

JF ASOETC 1 
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TABLE 2.—List of iiems of animal food identified in stomachs of vireos and the 
number of stomachs in which found—Continued 


Kind of food 


Total number of stomachs exam- 


ined 


C1LAss Insecta (insects)—Contd. 


Curculionidae—Continued. 


Red- 


653 


Phila- 


eyed | delphia 


84 


War- 
bling 


356 


Yellow- | Blue- 
throated | headed 


White- 
eyed 


Hutton 


160 


329 


229 


77 


Beil 


63 


Attelabus nigripes__ 
Apion cribricolle-__ 
Apion sp 
Ithycerus noveboracensis-__._---- 
Phyxelis rigidus 
Otiorhynchini 
Coleocerus sp 
Geoderces sp 
Pachnaeus distans 
Tanymecus confertus 
Pandeleteius hilaris 
Brachystylus acutus 
Pantomorus sp 
Aphrastus taeniatus 
Polydrusus sp 
Seythropus elegans 
Eudiagogus pulcher 
Sitona hispidula 
Sitona sp 
Hypera punctata 
Phytonomus nigrirostris_______ 
Phytonomus sp 
Hyperodes solutus 
Erirhinini 
Dorytomus sp 
Desmoris constrictus 
Otidocephalus myrmex 
Magdalis armicollis 
Magdalis sp 
Balaninus caryatrypes 
Balaninus occidentis 
Balaninus sp 
Elleschus sp 
Anthonomus grandis 
Anthonomus signatus 
Anthonomus sp 
Prionomerus calceatus 
Barini 


Centrinus picumnus 
Gelus oculatus 
Cylindrocopturus koebeli-__-_-_-_- 
Cylindrocopturus quercus 
Ceutorhynchini 
Coelogaster zimmermanni 
Cryptorhyncbini__.____._..._.- 
Conotrachelus albicinctus___-_-_- 
Conotrachelus anaglypticus--- 
Conotrachelus coronatus 
Conotrachelus elegans__.______- 
Conotrachelus nenuphar 
Conotrachelus sp.__.....-.-___- 
Cryptorhynchus sp 
Cossonini 


Rhynch 


Scolytidae (bark beetles): 


olus oregonensis 


Order MEGALOPTERA (Dob- 
Sialidae: 


Pimidentinied 75. — 4 22 soecL ee 
Platypus flavicornis...._....._- 
Scolytus quadrispinosus 
Hypothenemus sp 
Pityophthorus sp 
Ips pini 
Ips plastographus --_- 
Ips sp 
Dendroctonus valens 


son flies) 


MAING CUUINOG. We apes. seed eoe 
Chauliodes pectinicornis..____- 


Chauliodes sp 
Sialis sp 


Secseses 
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TaBLEe 2.—List of items of animal food identified in stomachs of vireos and the 
number of stomachs in which found—Continued 


Kind of food 


Red- 
eyed 


Total number of stomachs exam- 
ined 


CLAss Insecta (insects)—Contd. 
Order RHAPHIDIOIDEA 


Rhaphidiidae: 
Rhaphidia arizonica___._______- 
Rhaphidia sp 


‘Order 


NEUROPTERA 
winged insects) 


Unidentified adults 
Unidentified eggs 
Chrysopidae: 
Chrysopa sp 
Myrmeleonidae (ant lions): 
Myrmeleon sp________-------_- 


Order DIPTERA (flies) 


Unidentified adults 
Unidentified pupae 
Unidentified eggs_____._._________- 
Tipulidae (crane flies) : 

Unidentified adults 

Unidentified eggs 

Dipwlaispe sews TROT eae 
Psychoididae unidentified moth 

FILES) Ro asl Kine dN lal tle NS 
Chironomidae (unidentified 

radliG Pee) ee el ee ee 
Bibionidae (March flies): 

Unidentified 

BilblOiS pee eee ae ND a Walon 
Simuliidae (black flies) : 

Simuliumisps ese 
Leptidae (Snipe flies) : 

Weplisis pais eels a Wee 
Stratiomyiidae (soldier flies): 

Odontomyiasple ee 
‘Tabanidae (horse-flies) : 

FRADADUSIS Deseo | eR eee ala 
Asilidae (robber flies) : 

Unidentified 

FASIIUS/SD is uae OU She eae Mik 
Dolichopodidae (unidentified) 
Syrphidae (flower flies) : 

Unidentified 22222) Sie sa waais 

Myiolepta nigra__..____-.------ 

Synphus|spes ae eae 

Temnostoma excentricum 
Ortalidae: 

Pyrgota valida__._..-__-------- 
Chloropidae (unidentified) 
Scatophagidae (dung flies): 

Scatophaga sp____..__-____-_---_ 
Muscidae (house flies) 

Pollenia rudis 
Pachini dee (unidentified parasitic 

TOS) pe been sets UR NE TRB Sake 


Order HY MENOPTERA 
(wasps, bees, etc.) 


Unidentified adults 
Unidentified pupae 
Xyelidae: 
Macroxyela sp 
Pamphiliidae: 
Unidentified 2222225 =s ees. 
Pamphilus sp 
‘Tenthredinidae (sawflies) : 
Unidentified adults 
Unidentified larvae 
Dolerinae 
Dolerus unicolor 
Dolerus sp 
Macrophya sp 
INematinae Ane Saves as ees 
Nematus erichsoni 
Pteronidea sp 
Pteronidea ventralis____-------- 
AT oe lclaiva COGMIS sae sees eee 


653 


Phila- | War- 
delphia| bling 
84 356 
isi aval 2 
gahechod 5 8 
je nie 1 
22 Soa 1 
9 103 
Aalceeuny 1 
es 1 
1 6 
cE 3 
19 2 
pel see? | 1 

a Y sla 
A ah 1 
2 | 2 

AD Nadeem 

5h aaa sy 3h 

Pilbeeseces 
2 3 
28 74 
Hh a ll 1 
1 8 
2 3 
oN 1 
TREE 1 
2 6 

TY Nude aes 

BY | Sa 

Fi fe eee 

Ma zee eet 

REC oe 


Yellow- 
throated 


160 


Blue- | White- 


penne as 1 

waveieeedd 1 
3 ioe 

42 33 

1 1 

8 1 
eee er i 
Ti ee 

1 6 

peed uss 1 

1 2 

suessaee 1 
Talssleon 

5 2 

me eri Ce 
4. slut oe 
aan aur: 
giitialy ee 

52 65 

1 2 

Se petienspeen 
Rees pace ts 

3 1 
CU ee 
2) | seaman 


headed| eyed 
329 229 


Hutton 


77 


SORBATE 1 
Thy ego 
| 

iboats fae al 
iB 5 
SUID 2 
2 gc BR 1 
(OOD Ae eke le 
22 17 
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TABLE 2.—List ot items of animal food identified in stomachs of vireos and the 
number of stomachs in which found—Continued 


ay on Red- | Phila- | War- | Yellow- | Blue- | White- 
Kind of food eyed | delphia| bling | throated |headed| eyed |HUtton) Bell 


‘Total number of stomachs exam- 
NPGGlo- SA ee ee SS 653 84 365 160 329 229 es 63 


Cuass Insecta (insects)—Contd. 


Xiphydriidae: 
EXUMMIGnI ASD) =o ee Di |S tse tk PRR SS 1 
Siricidae: 
SEVP EES SYD Sc ae | | | 1 


SEUSS enn den tiied)jis oa eo 1 2 
Vipionidae: 
ADOPTED YO ese ee pe ee |e 1 
Braconidae: 
TERS ASVE AGRO OT ae IL a Meee ee ee eS 1 IR | De 1 


Micasimatpntisisp eee sone See ee dae hE Seer ea eee ner Pees 1 AUREUS eet 
PETERS plltsispe mena a See eee ce a es et | ee ah ily: | Heals aie boehieeane 
Trigonalidae: , 
Trigonalys suleata_____-------- 
Ichneumonidae (ichneumon flies): 
Pinvdentined) 2.2. oer ste a! 4 
LATO 1 DUG EATS GY 0 I IB Spa eee 
RIMTIODIONMSTomee esse eee eal es 
BeeeViesoehorusisp. sso) so! 522 ee 
Paniscus geminatus__---------- 2 
PAPANOUIANO SD. = ee = oS 1 
Enicospilus purgatus___-------- 2 
Ophion bilineatus__--_-_---_--_- 3 
RPENDING Re hed 2 ot oe 4 
Marepiypnac. 2). =) ee ey 
ARTIC Oe SS SS Ee ee ees | eee 
EDEL ia) fay ee Os ee UN 
exe etinceese tee ele eee PN na 
ISITE TINE SY) Mote oo pts ae NN oe 
EET Te Be Se eine ee 
Giypianitiscntellariss: o-oo i seek 
Siivprabuperciiitrons..------22|222- 220 3)2-_.___ 
OPTUS Gy oe i ied a | 
@onoblastaispe 222 be seed 
HD TO GULLIT AVG OLE Lee ene A 
Beampis Spies 22 os ls2 ee soe e 
Pimplidea pedalis- = -- 2 2-2 2-2 sca se 
Itoplectis conquisitor 
Ichneumon irritator__---------- 
PRUE IAILES SD 2 5 = bao aa | ee 
LEE ETS eV i 1 ey Ie a Pe 
Phypadeuonisp.- 22-2 Lo... - 2 
esionaghiis sps cn. se2sessc2-! 
MEO EANCIES ALEALOLT Lenelitise 2 -teal2-25--- 4\1.-..-. | see Bee i ee PREECE RTE 
FICHE CIOSISD oe oe bees hy (Oaneeeimee ee sec | ere ARN Wel eee Pe 1 oe (2 hg ey 
IRIE INT OLCSIB DE toot ese to (oS S22. | ee U]b | IAD US AGC AR NS OR Mie Ss 
Pterocormus sp.___------------ f Job 2 225) oR ede see Aa (OM ARI hd a 
Melanichneumon sp_-_-_-_-_------ | Sw a a = | a ea STE 2S 
Cratichneumon coerulens---_-_-- Disp se ct es oa ret Ess | a CR SO NT AS 
Ee bag pelt sp peep tet eit a 
idae (gall wasps): 
Unidentified HALLE AS eee ated 
Unidentified cocoons 
Callirhytis maxima.) ood 
OANA Th TE pea ee Bye OAS Pee 
UIP TISIST) essls USGL OY ie ssh ays oo 
Figitidae: 
RR REAVCL CES BUN a sas en ae wa ee | abc enees (Scot Sal eRe ME 1 
Callimomidae: 
PATO ST) eee ee mena oy oe oo OD hn PS Sel ns 2 a De eee 
Chalcididae: 


Formicidae (ants): | 
Dinenited ys ss225s -caccenss= 70 4 | 34 21 40 25 6 7 
Aphaenogaster fulva_..-------- ya Em! P< | |e ere re PAP A pa fs ee | TU A 8 | ea ee 
Aphaenogaster sp............--|--------| yA =, — >, 5/-| Smee pa (Puctdiee Se eee veces allgeobeess 

yrmica punctiventris_...___- Ly iccso cals geen Beeees eee oo ee eee eer | ile aad 
Myrmica rubra 
Let Sy eS ie ae eee 1 Pe || arr rae meet eee ast [ee te Coke [ey ay ee) ie ee 
Camponotus penn: 11 4 | 1 1 6 1 Ue aria 1 
Camponotus whymperi......--|-.----.-|------ wc] safer ets | Se Plot a co md ALA Ld. 8 a aes] bre Oy eee (Dy a 
ee ) Rs Seo ee eee 9 | Wd 2 1 1 1 1 1 
EUS Py aE pee le SR ae ee ee pee |. | [SR ee a elt So eee ee as 
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TABLE 2.—List of items of animal food identified in stomachs of vireos and the 
number of stomachs in which found—Continued 


c Red- | Phila- | War- | Yellow- | Blue- | White- 
Kind of food eyed | delphia} bling | throated | headed| eyed Hutton| Bell 
Total number of stomachs exam- 
Mme GE ONES ae Gy 653 84 356 160 329 229 77 63. 
CLASS Insecta (insects) —Contd. 
Formicidae—Continued. 
Lasius americanus____._-._____ Dei ee asc LR Oe Se a a 
SASIUS|S Phen fe Ry 1 | mn | VM er | Poe re | MMR NTRS IHN tee 
Formica pallidefulva___________|______-- Da ee RA Ae pees | ce EA 
HOLM CASaN Uneasy ased SRE Ne RIOR AE ce Oe ee Oe eae la pe ees a ee SIE Se a 
Formica subsericea_____________ 1 QP LCI SEN SE UI Ch ea Le eee Meee er Ay 
ING Boao) Gyo oue e 4 BI) | ESA Se SURRY Se eh pt peri ee SNE oo x 
Chrysididae (gold wasps): 
AO rany GY ey ai ertia Cec Cease eam ver NaNO Dh 0/0] Bsc ge OY All parses || CPI | SRO Pe VES 1 Af} deaesass 
OMI ATISFSIMATOS TS ee eee | | eee j Ut Reena ie) NeRereneS| DPR 2 IE tes ee) 
Bethylidae: 
Isobrachium sp________________ Poche oe ig eal 1 em ba me 
Scoliidae (digger wasps): 
Tiphia inornata________________ 2 
RpHiasSpp ewes en eMC LAN 4 
Eumenidae (potter wasps): 
Odynerus sp______.___________- TM Oe Mg Sie a eMe  k S 
EATICS DRO CETUS th ted satus sy eee ad A TS RN Ee Se pa ere Poy ee Suey 
oe (hornets and yellow jack- ; 
ets): 
Unidentified Wyse ke ok sii e Moual bowel CEN ATP Some ogc 1h) |e EN CTaaB fe apres eed Ua YO ITNT | eee 
Vesa aiteyjenl oar Se ete a UTR al OPA a pS el nn MOP a PERLE RPS yc eae 
EVES Pull AS yo ep as ee TRI 98 DANCE A ae BINNIE POO gine Nee ibeatiedod sa ey 2 AUN eee 
Dolichovespula diabolica_______ pW eee cea te | A MUNN Aaa A eI UC 


Sphecidae (solitary wasps): 
Hoplisus sp 
Solenius sexmaculatus 
Soleniusisps aa amas 
Crabroyspeae eee ae ae me 
Aphilanthops frigidus 
Larropsis distincta 
ExcylOCeliaisS pie me se ee Ee 

Halictidae (green bees): 

Halictus lerouxi_______________- 
TERM HOS Gos 
Augochlora sp__.-_____________- 
Oxystoglossa pura 
Oxystoglossa sp_______________- 
Evylaeus arcuatus_____________ | 
Evylaeus pectoralis___.________ 
Chloralictus coeruleus 
Chloralictus pilosus_._________- 
Chloralictus zephyrus 
Chloralictus sp______.__________ | 

Andrenidae (burrowing bees): By 
Andrena bisalicis__.____________ WDM Seca) Re che Ea 1 |----22--|--=----- 
PALACE TA aC] any, COTA ae setae Sant) SemNet cgspegie Fe LE NN PO GET Rs ag ee 1 |--------]-------- 
Andrena cressoni_______________ [eA eee 2 Sees as ee ] |--------)-------- 
Andrena flavoclypeata________- 
JAaKG hake) THATS) Goyer orn LAN ee 1 |-----+--]--------|-------- 
Andrena nasoni_______________- [js RA SE Slee Sug 77 eee |e oe ae - 


AmdrenaySpaie sei De au ew 9) Se 2 4 2 Qe leo ata eel] pe A 
Parandrenawelles] evar amg pi |e ee a Ua ete pee ee \ ip (Seeman Rie NS EN ke ee 
ARO ae he OuM RNs Dae VR ee eee Pi (eaeamee ee NR ee i 
ABO neyaGhr eng) Molo a LL Lp Se 
ADE oa h(a av) Eby O see el PA Re Lo ee Se Dh a Ns = 
ADS ce yal RsO Goes Se PRON T ee ee PIRI ue A aap eee Se 2 Vs co ELI ea 
Nomadidae (parasitic-bees): 
INO Tana GTS ak a eR aT AR na A aga ae 2 Bie ape mice alee en eres a 
Colletidae: 
POMS ES STS Tee iN As eR el bas AE LAR ead (nee |e ae yO eee fa so Po ie ek BN 
Apidae (honeybees): 
A pishmellifenawees 2 seme | (eee ||) LS a er 0 (SS OI OE oe ae 1 


CLAss Reptilia (reptiles) 


Iguanidae (iguanas): ‘ 
NAO US GAO BMI Le ee pO BS a Weesee 1 |-.------|-------- 
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‘TasBLe 3.—List of items of vegetable food identified in stomachs of vireos and the 
number of stomachs in which found } 


: Red- | Phila- | War- | Yellow- | Blue- | White- 
Keind of food eyed | delphia) bling | throated | headed| eyed Hutton} Bell 
‘Total number of stomachs exam- 
SPSEG LOE bay 2 AO Ca eS aR 653 84 356 160 329 229 77 63 
Unidentified vegetable matter_____|________|________ ya Rafe Vi SY RG ia a oe a CRS 
Anthers of unidentified flower... __- G1 Sf Sl RRR ASS hig Lie a | oe ASI AU as 
Unidentified bud scales. __...22--..|-_-.____ 2 4 De Se PAs GS Ub CAD Ge A 
Unidentified woody galls___________ Gy) [ee ake vs FE Ne eS Dal elite UR DORE 
‘Unidentified fruit skins____________ 36 2 3 1 2 @ easecose 1 
Unidentified seeds and seed pods_-- AN oh ths aR RE SAE NOU SG 5 2 1 
Pinaceae: 
PR TEEROO REIS ES [Wow ee elle ee SSN GO ls lk 3 niall Sa og ee NAIR Ud TOES OR ESIGN 
Gramineae: 
Digitaria ischaemum (small 
CLA OORASS se se ae Le i Us seep fen Pe UY Up nee Ce Rea AA Lee 92 nen 
Digitaria sanguinale (large crab 
(EERE CES) Th SE a NS UC (a Ted en ean BO aU eb A 2 
Setaria glauca (yellow foxtail)__ 1 fel eseerare epee | eae | NOG i reaca Re Urn Rts PGI AVL NI Es a BA Rao 
Zea mays (maize)_-.______-_ 8-1 AH Re aS ES SES SRA | RSA NE A Se TU 
Liliaceae: 
Snlaxesmen (Greenbrier) = see Abe | SAU a a I inet SUA SIDELOBE TO Rid 
Myricaceae: 
Myrica carolinensis (bayberry) - 5 1 Ae eaalesh elec eh 6 PA RH aD 
Urticaceae: 
Morus alba (white mulberry) Ey [esate aan WR Tana Pe ee ec a ad eA Ca 
Manns Eeloran(cedumlll berny) Sesion ences wes Ee ae Wen Set i] AI it 2 BRIE 
Polygonaceae: 
Polygonum convolvulus (black 
DOPE AWC) er el OE yh CRN SG hye we pallor a es eh SEL 1 
Polypomunnsp. (Smartweed) oa \ evel eg ofl ule MR Ho a eee 
Chenopodiaceae: 
Chenopodium sp. (lamb’s quar- 
ENS) Mee eee i en a to dh ae Pol a aa Ts [eee a ala a oa MEAG Dos 
Ataaranthaceae: 
Amaranthus sp. (pigweed)_-___ Ag | Seaport 1 
Phytolaccaceae: 
Phytolacca decandra (poke- 
elo) SS 2 ee ie pe 4) Aa jee 3 At | ORR Ee Hie ARRON 
Magnoliaceae: 
Magnolia foetida (evergreen 
PHAPTION A) iS 2 le ee ts BM a | re ma Mh LC RRA Ra | eR AL be LS AS BOA Re 
Lauraceae: 
Sassafras variifolium (sassafras) (hol) Saagaonigleal ip 89h a Se 8 ala Ah oe ae) a 
Benzoin aestivale (spicebush) _- 7h aS ae et a a Ves 
Saxifragaceae: 
Ribes sp. (currant)_..__.____.. 5 LS ae IU UN Ll Aa IRONS nS 
Rosaceae: 
Pyrus arbutifolia (chokeberry) _|° 1G | ga a Se iy 0 eC Ba cae a 
Amelanchier sp. (shadbush)____ FAN | sO RMR STE SS NN ew en | ee edt BS 
Rubus sp. (blackberry)_-_____-- d TAG a TE yc See eae Ay Oe Pilsen a aI espe Maar 
ROSAS (NOSE) 1 DPA ie Ge UW me ae 
Prunus penusylvanica (fire 
WiCSTI)) ~ al aS ee eT GARB ATMA Rs. SUE eR aR UA) IEG) VT a EAA a cE 
Prunus serotina (black cherry) - pp ey tems ee 2 TT Sh ea LA Ga Le ae 
Prunus virginiana (choke- 
Wit Tp ph a RE eT Le pe a eames ie ee IRN BAND | MI Ae ni A Pe Rs Un a 
Rasen spe (Chercy) a) soue taal eel oe | Uwe Al otal ptcltoonelbeotietoe| sastscce 
Rutaceae: 
Xanthoxylum americanum 
Cpriewly ash). 3 52. Nee Pee EI, AMT SEL C0 Rs Mies Se MPR 
Anacardiaceae: 
Rhus diversiloba (western su- 


Ilex vomitoria (youpon).._.---- 
Celastraceae: 
Celastrus 


seandens (bitter- 


Berchemia scandens (supple- | 


TE) 3 fe Si ies Cee ea Vi ss ce le ee eee a Ey 


1 See footnote to Table 2, p, 28. 
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TABLE 3.—List of ttems of vegetable food identified in stomachs of vireos and the 
number of stomachs in which found—Continued 


Kind of food 


Total number of stomachs exam- 
ined =e eee Sy ARS eee 
Vitaceae: 
Unidentified 
Vitis cordifolia (frost grape) ---- 
Vitis sp. (grape) 
Psedera quinquefolia (Virginia 
creeper) 
Eleagnaceae: 
Shepherdia sp. (buffalo berry) - 
Cornaceae: 
Cornus alternifolia (alternate- 


leaved dogwood) --_-_-------- 
Cornus amomum (kinnikinnik)! 
Cornus’ asperifolia (rough- | 
leaved dogwood) -_.._-_------ | 
Cornus canadensis (bunch- 
BGEY)) eee es ea AP ta 
Cornus florida (flowering dog- | 
WO OG) eto rec RE LL Be | 
Cornus paniculata (panicled | 
Gogwood)/) 2. ee ee | 
Cornus sp. (dogwood) -__---_-_-_ 
Ericaceae: 
Vaccinium sp. (blueberry) ----- 
Verbenaceae: 
Callicarpa sp. (Mexican mul- 
DETAR ae eerie corals ren ae 
Solanaceae: 
Solanum dulecamara (deadly 
mightshade)ie a2 eas 
Solanum sp. (nightshade) -___-_- 
Caprifoliaceae: 
Lonicera hirsuta (hairy honey- 
SUCK1E) 2 2k Duan neh ii fe 
Viburnum dentatum (black 
AS Wy) eee doh as oe ae 
Viburnum sp. (black haw) ----- 


Sambucus canadensis (elder) --- 
Sambucus sp. (elder) 


Red- 
eyed 


Yellow- | Blue- 
throated | headed 


White- 


eyed Hutton 


Bell 


Phila- | War- 
delphia| bling 
84 356 
aU || Se ae 
Se age ai 
ee eee 1 
3 3 
1 12 
| 
ih Eales 1 
8 


160 


229 
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During the last 40 years the native insect known as the straw- 
berry rootworm, or strawberry leaf beetle, Paria canella (¥ab.), 
varieties guadrinotata (Say) and gilvipes (Crotch), was considered 
a serious enemy of strawberry, raspberry, and a few other plants 
only. Suddenly this little beetle appeared in greenhouses, attack- 
ing roses in Virginia, Indiana, New Jersey, Pennsylvania, and Mary- 
land. Prior to 1916 a suggestion that this insect would abandon its 
usual hosts (29, p. 67)? for the succulent rose might have been sub- 
ject to considerable doubt; but when simultaneous reports were re- 
ceived by the Bureau of Entomology concerning two widely sepa- 
rated infestations of an insect injuring roses in greenhouses at Alex- 
andria, Va., and Richmond, Ind., such doubts would have been dis- 
pelled, because an examination of the specimens which accompanied 


+The account of the strawberry rootworm and its control contained in this bulletin is 
the result of an investigation started in July, 1919, when the first. reports were received 
by the Bureau of Entomology concerning injury by this insect to greenhouse roses. BH, L. 
Chambers assisted in the work until August, 1920, and C. F. Doucette from January, 
1921, until it was completed. Through the courtesy of J. G. Sanders, then director of 
the bureau of plant industry, Pennsylvania Department of Agriculture, a large portion of 
the work was done in cooperation with that bureau with headquarters at Doylestown, Pa. 
Credit is due J. K. Primm and A. W. Buckman, of the Pennsylvania Bureau of Plant 
Industry, and also Miss B. M. Broadbent and A. T., Grimes, of the Bureau of Hntomology, 
for the assistance which they rendered at intervals in the work. Figures 3, 4, 7, 8, and 9 
were prepared by Miss Almé Motter. Special thanks are accorded to John A. Andre, of 
Doylestown, for providing laboratory space, plants, and facilities for carrying on the 
- work, as well as to other florists who offered assistance. The writer is also indebted to 
Prof. Herbert Osborn, of Ohio State University, for his interest, advice, and encourage- 
ment throughout the progress of the work. Acknowledgment is given to Dr. A. L. Quaint- 
ance and BW. R. Sasscer, of the Bureau of Hntomology, for their many valuable suggestions. 

2Tignres in italics in parentheses refer to “ Literature cited,” p. 47, 
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these reports proved them to be the chrysomelid beetle referred to 
above. Unfortunately the name “strawberry rootworm” does not 
imply that the greenhouse rose is a host or food plant, but in view 
of its long standing this name must be retained. 

An investigation of these reports revealed the seriousness of the 
situation and indicated that the rose-growing industry was con- 
fronted with another important problem. Moreover, according to 
their statements, the florists were unable to check the ravages of 
these beetles by the use of measures ordinarily employed for con- 
trolling leaf-feeding insects. A review of the available literature 
on this species indicated that little was known of its life history and 
habits under greenhouse conditions. Naturally, owing to the change 
from the normal temperate climate out of doors to the subtropical 
conditions prevailing under glass, and to the intensive and special- 
ized culture of the rose, important differences in biology and control 
would result. 

The data collected during the last three years of research on 
the biology and control of this insect under conditions which 
exist in commercial greenhouses are presented in this publication. 


SYSTEMATIC HISTORY 


The two forms of the strawberry rootworm beetle encountered in 
the greenhouse and covered by these investigations appear to be 
Paria canella quadrinotata (Say) and P. canella gilvipes (Crotch), 
but so much conflict of opinion is apparent among various authorities 
who have published upon this group of beetles that the status of 
these varieties or species is still a matter of conjecture. The follow- 
ing discussion relates to the changes in nomenclature of these two 
varieties only. 

The first name applied to this group of forms was Cryptocephalus 
canellus, given by Fabricius (9, 7.52) in 1801. Seven years later this 
was changed to E'wmolpus canellus by Olivier (22, ». 914). In 1824 
Thomas Say (26, p. 446) first described as Colaspis quadrinotata the 
four-spotted form here treated. In 1858 LeConte (20, p. 86) erected 
the genus Paria for five species, including canella and guadrinotata. 
In 1873 Crotch (7, pp. 33, 39), in revising the North American eumol- 
pids, distinguished the genera Typophorus and Paria and placed 
guadrinotata (misprinted “6-notata”) and gilvipes as varieties of 
Paria sexnotata Say. In 1882 Jacoby (18, p. 182) mentioned Paria 
as very closely related to Typophorus, but kept the two genera sep- 
arate. In 1884 Forbes (13, p. 159) in his economic treatise asso- 
ciated guadrinotata and gilvipes as synonymous with Paria sex- 
notata Say. 

In 1892 Paria and Typophorus were united by Horn (16, p. 208), 
in his monograph on the Eumolpini of Boreal America, under the 
‘older name Typophorus. He listed canellus as one of the two in- 
cluded species and reduced all of the other specific names used under 
Paria to the rank of varieties or synonyms under canellus, in which 
he placed quadrinotatus as a variety, and gilvipes as a subvariety of 
the variety aterrimus Oliv. In 1910 Blatchley (2, p. 1139), in his 
Coleoptera of Indiana, followed Horn’s nomenclature for the forms 
above mentioned. In 1914 Clavareau (4, pp. 153-157) catalogued 
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Paria and Typophorus as separate genera, with canella, quadrinotata, 
and gilvipes as distinct species of Paria, and in 1920 Leng (27, p. 294) 
also separated the two genera, but listed only the one species canella 
under Paria with gilvipes and quadrinotata as two of the nine 
varieties of the species. The writer has followed Leng’s use of the 
names. 
The synonymy of Paria canella quadrinotata (Say) appears, there- 
fore, to be as follows: 
1824. Colaspis quadrinotata Say (26, p. 446). 
1858. Paria quadrinotata (Say) LeConte (20, p. 86). 
1873. Paria sexnotata quadrinotata (Say) Crotch (G5 7s CO) 
1892. Typophorus canellus quadrinotatus (Say) Horn (16, p. 208). 
1914. Paria quadrinotata (Say) Clavareau (4, p. 18 
1920. Paria canella quadrinotata (Say) Leng (21, p. 29h). 
The synonymy of P. canella gilvipes (Crotch) appears to be as 
follows: 
1833. Metachroma gilvipes Dejean (nomen nudum) (8, ie 412.) 
1873. Paria sexnotata gilvipes (Dejean) Crotch (7, p. 
1892. Typophorus canellus aterrimus gilvipes (Crotch) eos (16, p. 208). 


1914. Paria gilvipes (Crotch) Clavareau (4, p. 156). 
1920. Paria canella gilvipes (Crotch) Leng (31, p. 294). 


ECONOMIC HISTORY AND FOOD PLANTS * 


Cook (5), in a paper read in 1880 and published in 1881, seems to 
have been the first to mention the four-spotted Paria as injurious 
to strawberry. Since then a number of accounts have referred to 
the insect as a strawberry pest. Strawberry, raspberry, juniper, 
wild crab apple, and cinquefoil are mentioned as hosts of the adults 
by Forbes (73, p. 169) in 1884. In 1893 Webster (28, p. 202) “ ob- 
served them in Ohio eating holes in the leaves of blackberry and 
raspberry.” Injury to raspberry i is recorded in Canada by Fletcher 
(11, p. 81; 12, p. 216) in 1894 and 1895, and in Maine by Harvey 
(15, pp. 106-110) in 1896. 

In correspondence received by the Bureau of Entomology on 
May 10, 1905, from Rutland, Md., it was stated that the foliage of 
Prairie and Harrison rose plants was being perforated by beetles. 
The specimens were probably Zypophorus canellus but because of 
their crushed condition the determination was not positive. 

Felt (10, p. 537) records butternut, mountain ash, and heath aster 
(Aster ericoides) as hosts. According to Swenk (27, p. 53, pl. 3, b) 
thousands of the beetles were found feeding voraciously in an apple 
orchard in Nebraska. Neither of these references associates any 
particular variety of Paria canella with these hosts. The variety 
sexnotata is recorded on juniper by Say (26, p. 446) in 1824. 

Black walnut buds were reported as being injured by specimens 
received by the Bureau of Entomology in April, 1921, from Ithaca, 
N. Y., and determined * as Paria canella Fab. In the same month 
Britton (7, p. 195) reported injury on the tender terminal leaves of 
Japanese walnut by adults of the varieties gilwipes and quadrinotata 
at Wilton, Conn. In July, 1921, J. K. Primm found adults of the 
variety gilvipes feeding on le: wes of butternut in a nur sery at West 


2 Because of the confusion in the varietal nomenclature, it has been difficult in many 
cases to decide whether references to the species Paria camella refer to quadrinotata or 
to gilvipes. Where a description was given which corresponded with the characters of 
either of these a the reference has been elted. 


* Determined by BH. A. Schwarz, Bureau of lntomology. 
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Chester, Pa. Grapes, oats, rye, millet heads, peach, and apple are 
reported as hosts in correspondence from State entomologists. 

The earliest published record of its occurrence under glass is by 
Cory (6, ». 206), who reported that “it was found injuring a rose 
planting in the establishment of a Baltimore florist,” during 1916. 
Specimens received by the Bureau of Entomology which bear the 
date of October 28, 1916, were taken from rose by R. EK. Snod- 
grass, at Indianapolis, Ind. Specimens now in the Indiana State 
collection were obtained in greenhouses at Cumberland on Novem- 
ber 8, 1916, and H. F. Dietz collected beetles in the same green- 
houses on December 5, 1917. Peterson (23, p. 468) reports severe 
injury in a greenhouse in New Jersey in 1917. 


Fig. 1.—The “ shot-hole ” punctures characteristic of the feeding of adults of the 
strawberry rootworm on strawberry and rose foliage 


A number of other reports which relate to its occurrence in green- 
houses have been published within the last three years, but no earlier 
records have been found. 

To sum up the foregoing reports and records, the following may 
be listed as food plants: . 


Amygdalus persica___. Peach. Malis,sppei sas Wild crab. 
Aster ericoides_______. Heath aster. Malus sylvestris______ Apple. 
Avena sativa_________ Oats. Potentilla spp________. Cinquefoil. 
Chaetochloa italica___. Millet. Osh =spp] 2522 ese Rose. 
Fragaria spp_________ Strawberry. Rubus) spp] sae s» Raspberry, 
Juglans cinerea_______ Butternut. blackberry. 
Julians Mera ss ee Black walnut. | Secale cereale________ Rye. 
Juglans sieboldiana___ Japanese SOLDUS Sppes a ee + Mountain ash. 
walnut. Vitis spp____________« Grape. 
Juniperus spp________ Juniper. 


RECENT INJURY IN GREENHOUSES 


In 1919, shortly after receipt of the reports concerning the in- 
festations in Virginia and Indiana, a visit to the one in Alexandria, 
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Va., on July 25 revealed the seriousness of the injury and the reason 
for the appeal for assistance. The stock in eight large houses suf- | 
fered infestation, five, of the open-range type, being extremely heavily 
infested. The damage was caused mainly by the adults, which were 
present in unusually large numbers. As a result of their voracious 
feeding practically all of the foliage was badly perforated and 
ragged (fig. 1). In addition, a large proportion of the young shoots 
had the’ wood badly scarred and girdled, giving it a very unsightly 
appearance. It was found that the adults had a marked preference 
for this new wood, of which there was an abundance at this par- 
ticular season, owing to 
the fact that the roses were 
being forced vigorously. 
Further examination 
showed that the larve had 
also been feeding on the 
roots (fig. 2) earlier in the 
season. As a result of 
these injuries a gradual 
killing of the affected parts 
ensued, producing a stunt- 
ed growth of the plants. 
In attempting to establish 
the possible origin of the 
infestation in Alexandria, 
records by A. D. Borden 
showed that this insect had 
been attacking roses in the 
same houses three years 
previously. Recent  evi- 
dence disclosed that the 
soil in which the roses 
were growing had been in 
the benches since then; 
hence it seems that their 
occurence dated back to 
that time. 

Judging from the report 
made by H. F. Deitz, the 
Indiana infestation obvi- ye. 2.—Roots of rose plant devoid of rootlets and 
ously was not so severe as severe vam injured by larve of the strawberry 
the one at Alexandria. It 
was learned from the florist, however, that serious injury had occurred 
during May, the injuries being confined to Killarney rose plants 
growing in a solid bed in one of the five open-range houses infested. 
The condition there was similar to that existing at Alexandria, since 
the plants had been forced for about three weeks and had put forth 
an abundance of young, tender shoots. In the same locality Dietz 
noted this insect feeding on the foliage of out-of-door roses “ grow- 
ing next to a large strawberry bed, the leaves of which were badly 
riddled by the beetles.” . 

Early in November, 1919, specimens of the strawberry rootworm 
were collected in the rose houses of the United States Botanical 
Garden at Washington, D. C., where they were doing serious injury. 
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During the winter of 1919-20 Primm and Trimble, of the Pennsyl- 
vania Bureau of Plant Industry, found infestations in 15 different 
establishments in the vicinity of Philadelphia. According to two 
florists in this locality, the beetles, known to them as “ chocolate 
bugs,” had been encountered in their houses for 12 and 18 years, 
respectively. 

A careful survey by means of a circular letter sent to all the State 
entomologists and the subsequent publicity accorded this insect and 
its injury in florists’ trade journals (1, /7, 19, and 24) have brought 
to attention infestations in the States of Michigan, Missouri, Lou- 
isiana, Rhode Island, and Massachusetts. These reports emphasize 
the fact that the insect is now of prime importance in practically 
all of the commercial rose districts of the United States east of the 
Rocky Mountains. The severity of injury found in houses or beds 
where the plants were 3 or more years old indicated that they were 
the sources of infestation, and that the insect had been brought in 
either with the soil or the plants in those sections. . 


DISTRIBUTION 


The strawberry leaf beetle, or adult of the rootworm, which is a 
native insect, has been frequently recorded as occurring out of doors 
generally throughout the United States and Canada (14, p. 25). 
The records available at the present time show that it is injurious 
to roses under glass in the District of Columbia, Illinois, Indiana, 
Louisiana, Maryland, Massachusetts, Michigan, Missouri, New Jer- 
sey, Pennsylvania, Rhode Island, and Virginia. 


NATURE OF INJURY, AND ECONOMIC IMPORTANCE 


Two stages of the strawberry rootworm are involved in the injury 
to the plants, (1) the adult and (2) the larva. The casual observer 
immediately notices the ravages of the beetles on almost every part 
of the plant above ground. ‘The leaves become perforated so exten- 
sively that one easily imagines charges of small shot being fired at 
the plants. This shot-hole appearance (fig. 1) is very characteristic 
and completely destroys the ornamental value of the foliage. The 
beetles also eat the green succulent bark of the forced plants, par- 
ticularly in crotches, scarring and often girdling the stems. 

The most serious injury to the plants occurs when the tops are 
“cut back,” because little foliage remains for the beetle to feed upon. 
At this time the beetles severely scar the stems and eat into the 
“eyes,” as the developing buds are termed by the florists. The im- 
portance of this particular type of injury is very evident when it is 
considered that the future crop of flowers depends on these buds, 
which require from six to eight weeks to develop, and that any set- 
back naturally results in a decreased production and financial re- 
turn. The succulent nature of this growth, as compared with the 
woody stems, causes the beetles to center their attention upon it, and 
in a single night they may eat the heart out of almost every eye. 
In one infestation observed in March, after the buds of Ophelia 
plants had been destroyed during September and October of the 
previous year, the first growth produced from these nodes was only 
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from 8 to 5 inches long. During this period no marketable blooms 
were obtained from these plants. 

The beetles seldom attack the flowers, but when present in large 
numbers sometimes feed on the sepals, probably because they contain 
chlorophyll. In severe infestations the blooms of Columbia and 
Ophelia roses occasionally suffer injury, but the double white Kil- 
larney is rarely attacked. 

Although the damage to the foliage occasioned by the beetles is 
more conspicuous, the roots are severely injured by the feeding of 
the larve, which not only devour the young feeder roots but also 
interfere with the normal functioning a the root system by girdling 
and gnawing into the older roots. (Fig. 2.) After two or three 
successive seasons of this feeding the plants become considerably 
. weakened and the foliage assumes a “sickly ” appearance, due to the 
cumulative effect of this injury. In some infested greenhouses the 
resulting mortality of plants in some beds ranged as high as 75 per 
cent, as indicated in Table 1, in which are recorded observations 
taken in 1920 by Primm and Chambers. 


TaBLe 1.—WMoriality due to larval injury by the strawberry rootworm in 17 
ground beds, each containing 800 rose plants 


| 
Number Number 
Bed No. ofdead | Mor | Bed No. ofdead | jor 
plants Salt plants y 
| 
Per cent | Per cent 
Lak Be hel a ee i a 333 ALG) ||, 11 eye mia as Sage i a a hae 25 Bh dl 
De pereaer py rr ke 279 3459) |. 12 BRO ie Ne Col meena ela c 5 0.6 
$2.36. SS eee 333 41256) ||: 13 Se eae Ree 22 2.8 
sin, bo et ee ee | 145 WSs |||’ 14 ee ee a er ia Ee 67 8. 4 
GL. ee es A | 425 535 1)||\.15 CCL 27 3.4 
Ui see eee 276 34.5 ||), 16M Soars one ee Cee 312 39.0 
2-222. eee | 209 Q265D |] 17 SRR ear ee ANI tea 600 75.0 
SA Ea ies | 280 35.0 a 
is Sell | 42 5.3 Total and average-__-__ 3, 398 25.0 
[O'  ee ee | 18 2.3 | 


1 Plants not cut back the previous season. 


In one badly infested bed containing 800 plants 6 larve, on an 
average, were found among the roots of each plant, and in one case a 
maximum of 23 larve and pupe were collected. When it is con- 
sidered that these plants had been in the bed for five years and 
there subjected to larval attack for at least three years, it is not 
surprising that the foliage was yellow and that no flowers of any 
value were being produced. 

Wounds in the roots are favorable points for the entrance of 
pathological organisms, and the resulting weakened condition of 
the plants renders them more susceptible to plant diseases. 

The enormous number of beetles actually present in a heavily 
infested greenhouse may be readily appreciated from the following 
data: Since other control measures appeared inadequate, one estab- 
lishment hired schoolboys for several weeks to hand-pick the adults, 

aying them at the rate of 25 cents per 100 beetles. The pay roll 

or these boys showed that as many as 60,000 were sallested’ in one 
week at a cost of $150 (32, p. 255). Although several hundred 
thousand beetles were removed in this way, no diminution in their 
numbers was apparent. At another place many beetles were shaken 
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from the plants onto paddles covered with sticky fly paper, and 
where they were very numerous enough were collected along a 150- 
foot walk to cover a sheet of the paper; nevertheless, the plants con- 
tinued to suffer from the ravages of those which escaped collection. 

According to estimates of florists in Bucks and Montgomery Coun- 
ties, Pa., damage to the extent of $70,000 was done to their green- 
house rose plants in 1920. The records of one grower show his gross 
income from one rose house to have been 74 cents per plant from Jul 
1, 1919, to February 1, 1920, as compared with an income of $1.17 for 
the same period the preceding year. The decrease of 43 cents per 
plant was attributed almost entirely to the ravages of the beetles. 

Another florist, whose gross annual return from 40,000 rose plants 
was from $70,000 to $80,000, estimated that his loss during 1921 was 
$9,000. He was unable to cut any salable flowers from June 25 until 
late in September, and his production suffered to some extent during 
the rest of the year. His loss may be analyzed as follows: 


Cut flowers: 
Expected return during period when shipping was stopped__ $4, 320 


Actual return!) 22522 ee ee ee $0 
OSG 2 See LS PR I EE ah | MEE SA SE) MI 4, 320 
Estimated loss because of reduction of production__________________ 2, 000 
Insecticides : 
Tobacco dust, 50 tons at $35) perjtoma. 222 eo 
Heriillizersvalue ac plO mer tO sme ee ee wen A Eee 500 
Insecticidal expenses22= =. 2-2 MMe — au we ee eee 1, 250 
Wood ashes, 25 tons at $30 per ton________________________ 750 | 
Mertilizer vale ate Pili Quasar oo on ee ea 250 
Insecticidal expensezi 22 22). Re yeh) 500 
Arsenicals and miscellaneous proprietary compounds and 
(SLO RD ET @) 80 ey oy rete asl clgttae 2 Dyna VEST Uap ie EN ge yl 400 
Labor in application of insecticides, ete., 2,000 (estimated) 
man hoursatio0"centseswe k=. Ba a a ee 600 
1, 000 
1 W002} Ee Ree lee eS UMRAO, _- SUN SEE Men e RUMI EIT 0 9, 070 


Losses and expenses such as are illustrated above will quickly ab- 
sorb all the profits of a grower, because of the competition with other 
florists whose establishments are not suffering from the ravages of 
this insect. 
LIFE HISTORY AND HABITS 


ADULT STAGE 


The original description of the variety guadrinotata as given by 
Say (26, p. 446) is as follows: 


Colaspis 4-notata: Black; head rufous; elytra testaceous, with two black 
spots. Inhabits the United States. Body black, punctured; head obscure 
rufous; antennae paler at base; thorax black; immaculate; punctures sparse, 
not profound; scutel pale reddish-brown; elytra pale testaceous, with striae of 
punctures which become obsolete before the tip; a black, oblique spot near the 
base of each and a larger obliquely quadrate one on the middle, exterior edge 
black; feet pale; thighs with a minute angle beneath. Length about three- 
twentieths of an inch. 


It is evident that the name was given because of the four black 
spots on the elytra. The principal distinguishing color features are 
the black thorax, the brown elytra bearing the four black spots, and 
the absence of black markings along the suture. 
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Although Dejean (8, p. 412) used the name gilvipes for a species of 
Metachroma in his catalogue of Coleoptera, its use is held invalid 
because of the absence of description or reference to any type; and 
since Crotch (7, ». 39) was the first to use distinguishing charac- 
teristics for this variety, the authorship of the name is credited to 
him. Crotch lists gilvipes as a variety of Paria sexnotata with the 
very brief description: “Entirely black, legs pale.” The name is 
evidently derived from gilvus (yellow) and pes (foot) and refers 
to the pale yellowish legs. 

Horn (16, p. 208) indicates that the head of gilvipes is black, 
but Blatchley (2, p. 1139) shows that it may be reddish, and also that 
the antenne as well as the 
legs are pale. The writer V 
fies found that the head is i ) 
reddish in all specimens of “a 
gilvipes observed, and also 2 
that the peek of ne 
elytra grades into a pale 
Tn Dyke brown color 
near the tips. 

All individuals of both 
varieties of the _ beetles 
found in the greenhouses 
have been of a uniform 
size, and no differences 
have been noted among 
specimens from the several 
widely separated infesta- 
tions. The length ranges 
from 2.8 to 3.6 millimeters 
and the width from 1.6 to2 
millimeters. It is interest- 
ing to note, however, that lars 
specimens of the same va- (ox) 
rieties which had been col- * is 
lected out of doors were an 
much larger, being 4.5 mil- 
emer onOrasTd 223 milli): pe eee eee een sn te 
meters wide. 

When the beetles are first transformed from the pupx they are 
very light in shade, but upon exposure to the air soon acquire the 
normal coloration and markings. ‘The ventral surface of the body 
becomes black in both varieties. 

The four-spotted variety, quadrinotata (fig. 3), has been more 
prevalent in greenhouses, and was encountered in every infestation 
observed; but the closely related gilvipes, with its black body and 
pale legs, has also been found simultaneously in several establish- 
ments in considerable numbers. Practically all of the observations 
on the adult were made on individuals of the variety guadrinotata. 


‘ 


CAGE FOR OBSERVATIONS ON ADULT STAGE 


The type of cage used for most of the observations on the adult 
stage was a glass vial or test tube 1 inch in diameter and from 3 to 5 
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inches long closed with a cork. A piece of cloth placed under the 
cork before the latter was pushed down into the vial was found 
advantageous in preventing the beetles from laying eggs in the crey- 
ices of the cork and also in absorbing any moisture of condensation 
which might otherwise drip down the sides of the vial. 


LONGEVITY 


It was not possible to reduce to an arithmetical basis the longevity 
of the adults in the greenhouses, because the time from emergence to 
date of collection could not be determined. Beetles under’ observa- 
tion lived as long as 234 days after date of collection. 

It seems probable that under favorable greenhouse conditions the 
adults which emerge during the spring and summer months may live 
from 75 to 100 days, whereas those which emerge later in the season 
and pass the winter in the semidormant condition may remain alive 
for a longer period. Table 2 indicates an average longevity of 52 
- days for reared specimens in confinement, although one individual 
lived 364 days. 


TABLE 2.—Longevity of 45 strawberry rootworn beetles reared from pupe in 
1921 and 1922 


OBSERVATIONS AT WASHINGTON, D. C. ; 


Date of— 
Length 
Number of beetles Danae a of life Remarks 
gence 
3 1921 1921 Days ; 
Bs Ue ee cle ete SRN June 27 | June 29 2 | No feeding. 
62222. EE A ee ES ie enero 27 | July 1 4 Do. 
pee sis SYS ae Pune Nee A ON Os had 27 2 5 Do. 
Be Pg SER abe Py Bc ae ee eS Dae 27 9 12 
Ie ape nat 21 SS 1 oe a at ee ee 27 21 24 
Hie es. Cas Le SS Se eS 27 27 30 
j ae 7 eee ee 27 | Aug. 17 51 
62L 25. = Ee a aaa eee ares 27 | Oct. 19 114 | 4 eggs from 1 beetle. 
iy 2k AE 7 a ee ee ee 27 | Dee. 4 ~ 160 | 58 eggs. 
1922 

Pt 2 Ae = 2 ae ee eee ee 27 | June 26 364 | 51 eggs. 


OBSERVATIONS AT DOYLESTOWN, PA. 


1921 1921 
I ah Ss 5 i a ee ep en June i17| June 16 15 
1'| Sept. 6 97 | 40 eggs. 
4%| July 7 33 | No data on egg deposition. 
Le Se Sas eee eS SS ee ee July 2) Oct. 3 93 
3 
3 
4 


RSs A eee ee Re a YE Be EY Thy eee Aug. 


Averaveilensthiof Iifess2.. -2e: luk As 25 ee ee Sn eee 52 
Maximum lengthiofilifel sites ia. 21 pe scm bes sd a ee eee 364 
Minimum lengthiof life: ee ee ee a ayo oe et eae ae eo eee 1 
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HABITAT 


On bright days the beetles hide in the dried leaves on the bushes, 
between adjacent green leaves, in the crotches, or in any place where 
they are away from the light, and come out to feed in the late after- 
noon (Fig. 4). Usually wherever fresh feeding is evident on the 
foliage an examination of the nearest dry leaf will reveal their 
presence. They may often 
be found in depressions 
one-half inch deep in the 
ends of cut stems where 
the pith has dried out. 

Syringing causes many 
of the beetles on the plants 
to drop to the ground, 
where they may remain 
for some time. Watering 
as well as syringing wets 
the soil to such an extent 
that the adults dislike it 
and run up the stems, 
stakes, and plants, or rest 
on the wires, apparently to 
dry themselves. While the 
beetles were thus exposed, 
more than a thousand were 
collected within an hour 
by the workmen in a house 
containing 30,000 plants. 
Two or three hours after 
syringing the beetles again 
hide among the foliage of 
the plants or elsewhere. 


FEEDING HABITS — 


Fig. 5.—The strawberry rootworm: Characteristic 
feeding of the adults on terminal growth and The leaves (fig 1) fur- : 


flower bud 3 
nish most of the adults’ 


food, although the bark of the stems, the buds (fig. 5), and the flow- 
ers do not escape attack. The beetles are attracted particularly by 
the sap on the ends of new-cut stems, and in the evening as many 
as 10 have been found feeding there. Under these conditions hand 
picking may be successfully practiced. In the absence of foliage the 
beetles cause very serious injury by feeding. on the breaking buds. 
The extent of this feeding is shown in Table 3, which records data 
gathered in three separate greenhouses. 


TABLE 3.—Injury to “wood buds” of rose planis by strawberry rootworm 
beetles in three different establishments 


Total number of— Per- 
centage 
Establishment ; of in- 
Plants | Breaking} Injured jured 
examined| buds buds buds 
ys pe LE EE nN a Oe eee ae SOR kh eae 50 2, 313 878 38 
Bie oe eee eS Te rn de ac oe. a ee eee 30 1,013 . 637 62 
Ce aa a ee! ee eae 53 590 349 59 
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Sixty adults given fresh leaves twice daily ate 372 of the charac- 
teristic “shot-hole” punctures (fig. 1) the first day, 386 the second 
day, and 325 the third day, averaging 6.2, 6.4, and 5.4 feeding punc- 
tures per adult on the respective days, or an average over the whole 
period of 6 such areas for each beetle per day. It was observed 
to require about six minutes for a beetle to eat one hole in a leaf. 

Further experiments, as indicated in Table 4, gave an average of 
between 4 and 5 feeding punctures per day for each individual. 


Taste 4.—Amount of feeding by strawberry rootworm beetles during 
September, 1921 


Number of— Feeding punctures— 


Period Average 
(first and last dates, inclusive) Remarks 
: Days | Adults a utel my 
number era 
Per day per day 


Lite 37) HOS Ci pa 3 47 645 215 4 

Sele By LODISTE] PF eae eS 4 46 1,103 276 6.00 | 1 dead 
Sepieisro Sept. 1029222222 bee 4 vi 237 5. 
Sepiestoisept. 14! ==. = es esses 4 43 704 176 4.09 | 2 dead 
ROMEO SODEs his -2-- — 2-2) 22222 S22 5252S 3 43 176 4 

Beprers hOWept; 225222952. = asset 5 43 463 93 2.16 
BepicsuOipe ple 2ie~ 4 ee 5 43 446 89 2.07 


PROTECTIVE HABITS 


As is characteristic of certain other insects, this beetle at the least 
disturbance folds its legs and antenne under its body, rolls from 
the leaf, and remains motionless on the ground for several minutes. 
This so-called “possum” or death-feigning habit is also protective 
and is more common than the “squirrel” habit, by which they 
escape being seen. If approached during the day, any beetles visible 
on the plants immediately conceal themselves behind leaves, stems, 
stakes, or elsewhere. - When one walks through a heavily infested 
house at night he can hear the beetles dropping from the bushes 
about 10 feet ahead, and when the beetles are present in large 
numbers the sound is similar to the patter of a gentle rain. The 
coloration of the beetles blends with that of the earth or mulch, and 
it is difficult to locate them on the soil unless they move. 

The beetles do not necessarily reach the ground when they drop 
from the plants, for they are ape to fly at any time during their fall. 

‘In fact, when within a foot of the soil they have been observed to 
spread their wings and fly to near-by leaves. The range of con- 
tinuous flight appears to be limited, as 30 feet was the maximum 
distance observed. In one house, where the plant tops had been cut 
back and removed during the day, many beetles were seen on the 
walls and roof, where they were apparently trying to escape from 
the house by making short flights of from 5 to 10 feet at a maximum 
altitude of 10 feet. 


FERTILITY AND PARTHENOGENESIS 


Mating was not observed and males have never been seen among 
the itecrs of individuals collected under glass. Peterson (23, p. 


14 BULLETIN 1357, U. S. DEPARTMENT OF AGRICULTURE 


473) says: “No male adults have been seen at any time in our three 
years of observation with this species.” Males are known to occur 
out of doors, and these observations indicate possible thelyotoky in 
the greenhouse forms. Whether or not they are fertilized, it is an 
outstanding fact that practically all the eggs in.the masses observed 
in greenhouses have hatched. 

Although 25 adults which emerged on the same day were removed 
from the rearing cage and confined singly, so that the only possible 
access to males was before they were isolated, three of them deposited 
eggs. In another case eggs were obtained from two reared adults 
which were segregated immediately after emergence. In this con- 
nection Peterson (23, p. 473) observes that the ovaries of newly 
emerged adults are in an immature condition and do not develop to 
any extent until the adult has consumed some food. At first the 
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Fig. 6.—Egg deposition by strawberry rootworm adults. Records every two hours from 
July 11 to 14, inclusive, Doylestown, Pa., 1922 


abdomen is very soft and does not become full and hardened until 
seven days after emergence, so that, although possible, it is doubtful 
whether mating takes place while the female is in this undeveloped 
state. Furthermore, as is shown in Table 7, no eggs were laid by ” 
reared individuals until 19 days after emergence, or 18 days after 
they were isolated. From the foregoing circumstantial evidence it 
would appear that parthenogenesis is a possible feature of the biol- 
ogy of this insect under greenhouse conditions. 


OVIPOSITION 


Oviposition may take place, at least to a limited extent, through- 
out the year, since the eggs have been obtained from caged beetles 
in each month. In the greenhouse, however, most of the eggs were 
laid in the spring and early summer months. The earliest records 
of the finding of eggs in the rose houses are March 9, 1920, March 
1, 1921, and March 14, 1922, and after these dates eggs could be 
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found almost continuously until August, at which time they were 
less numerous, and none have been collected in greenhouses after 
August 31 in any year. These records are very similar to obser- 
vations on caged beetles, asindicated in Table 5. 


TABLE 5.—Total number of eggs laid by caged strawberry rootworm beetles, 
i 


922 
Number of— Number of— 
Date of deposition a Date of deposition 
ggs per Eggs per 
Eggs | Adults) “86° i Eggs | Adults | “86° Mm 
12 59 OF20 || Tune). 21252 See es 20 124 0. 16 
17 90 19 DD Aas as SE. 57 123 - 46 
67 107 63 87 
28 115 24 1. 89 
34 115 30 323 
149. 115 1.30 . 93 
168 111 1. 51 212) 
68 111 -61 || July 4, 25 
33 76 43 2. 56 
21 52 40 | 2. 56 
22 52 42 2.39 
92 50 1, 84 1, 57 
39 50 78 - 42 
30 50 - 70 4,19 
147 50 2, 94 47 
76 48 1. 58 2.75 
142 47 3. 02 5. 45 
153 46 3.33 5. 58 
112 44 2. 55 4,19 
62 44 1.41 4,75 
76 43 1.77 || Aug. 2. 89 
160 42 3. 81 1. 36 
148 64 2.31 19 
122 66 1. 85 2. 31 
221 65 3. 40 4, 55 
181 59 3. 07 1.43 
176 54 3. 26 2.15 
246 56 4,39 1.33 
303 55 5. 51 1. 06 
178 65 2. 74 1.09 
468 64 7. 31 1, 25 
12 64 . 19 |} Sept. 74 
157 62 2. 53 
105 66 1. 59 2. 00 


Figure 6 shows the results of observations on 60 caged adults 
made every 2 hours over a period of 80 hours, during which 490 
eggs were laid, and is based on data contained in Table 6. Accord- 
ing to these records, the time of day most favored by the female for 
egg deposition is the late afternoon, and next to that the early 
morning hours. 


TABLE 6.—Hgg deposition by adults of the strawberry rootworm; observations 
upon which graph of Figure 6 is based 


Number of eggs laid— 

rear. Total 
Date of oviposition p.m. | a.m. m. p.m. number 
iad Wace, 4 ‘ eee of eggs 

2 |2/4/6|8 |10/12|/2] 4/6] 8 | 10 
| 5 RPE Ee pier an | aa eG CEN es SN RY ce aT 
CE ee ae | test | ...-| (| Q) |----| 126 | 0 126 
CeO | 0 | Sebel or Orn On Pisneavele ele 84 
7) 0122 | 4 a24 0} OF) 0) 158) 92)) 917 20 169 
4\| 0] 0/8) 8) O| 0O| 0O| 18/| 23) 24) O lil 


1 No data. 2 Observation started. 
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Observations on the process of egg deposition by two beetles con- 
fined in one vial at 2 p. m. were as follows: While seeking a place 
to deposit eggs the beetles, moving their heads with a rocking motion, 
touched or “measured” the surfaces of crevices or depressions in 
the cork alternately with the tip of each antenna, and then tried 
them out with the tip of the ovipositor slightly extended, moving 
rapidly from one to another. These two individuals were then placed 
in separate vials with a small piece of dry and crumpled leaflet. One 
adult ran nervously about for a time, while the other on finding the 
leaf settled immediately and began to oviposit. 

Considerable time was spent in preparing a resting place for the 
eggs. After the long, flexible ovipositor had been inserted, a thin 


@ Mle. 


Fic. 7.—Hgg mass of the strawberry rootworm on portion of dead leaf, showing devel 
ment and characteristic wall which surrounds each egg mass. Enlarsed mm 


transparent fluid was secreted at its tip in tiny droplets, and then 
spread or brushed over both surfaces of the depression with two 
hairy palpuslike projections of the ovipositor. Twelve minutes were 
spent preparing the surface and four minutes in forming that por- 
tion of the wall against which the eggs were to be placed. A tiny 
droplet of the thin fluid preceded and another followed each egg 
as it was ejected from the ovipositor, and an interval of about two 
minutes elapsed between the ejection of each egg. The egg was 
placed with the help of the palpuslike brush, which at the same time 
spread some of the fluid over the egg and in the spaces around it. 
When all the eggs had been placed the beetle constructed a wall 
(fig. 7) to surround the egg mass by secreting a second fluid, which 
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was thicker and contained small lumps, and which evidently served 
as a means of keeping the two surfaces between which the eggs were 
laid from pressing together and crushing them. 

The material forming this wall was translucent when secreted, 
but turned dark and finally black about three hours later. While 
the fluid was being spread the beetle rubbed its hind and middle 
tarsi together, apparently for the purpose of removing the sticky 
fluid which adhered to them. Although the legs were usually kept 
well braced, the beetle occasionally supported the turgid ovipositor 
with one of its hind legs. At times the ovipositor would be retracted, 
only to be immediately extended again. The beetle turned slightly 
several times to allow the ovipositor to reach a different spot, but 
all reaching was done by the ovipositor alone and there was no 
motion of the body which assisted in placing it between the leaf 
surfaces. In another instance an adult was observed to begin ovi- 
position at 7.15 p. m. and finish at 8.05 p. m., a period of 50 min- 
utes, during which four eggs were deposited. 

A few records of duration of the preoviposition and postoviposi- 
tion periods of strawberry rootworm beetles and of the number of 
eggs deposited are contained in Table 7. 


TABLE 7.—Duration of preoviposition and postoviposition periods of the 
strawberry rootworm beetle, 1921 


f{— — 
Bale‘ | Preovi- | Number ot | Postovi- 
3 | position | of eggs | position. 
Emergence | First egg | period | deposited Last egg Death | period 
3 eee! | 
| Days | Days 
Tae had Se June20_- 1 AQ ely: Biliges: tes au here | Sept. 6-_| 
Vile cea July 27_- 30 | 58 | ANU, We cosesssceccens: | Dec. 4___) 114 
Wo eee Zia 30 51 Ifo sa aeosee cosas 5) bray rye 318 
Fl 32 eS Aug. 8_- 425 4 SU eee Jee ae ae Oct. 19 72 
11922. 


The maximum number of eggs laid was 216, and these eggs were 
deposited by a beetle in 22 different egg masses in a period of three 
months after it was collected in the greenhouse. Several instances 
have been noted in which collected individuals have laid more than 
100eggs. Observations on caged beetles under greenhouse conditions 
indicate an average of 135 eggs as the probable normal capacity of a 
female. 

EGG STAGE 


The egg (fig. 7.) of the strawberry rootworm beetle is pale lemon yellow 
when deposited and becomes slightly orange as it develops. It is elongate oval 
and yery slightly arched. The cephalic end is somewhat blunter than the 
caudal end. The length is from 0.93 to 0.98 millimeters and the width from 
0.25 to 0.27 millimeters. 

In greenhouses the eggs are usually deposited on old dead leaves 
(fig. 4) more or less folded or curled. Although eggs have been 
found in such leaves on the soil, it is more than probable that they 
are laid before the leaf falls to the ground, since, where an infestation 
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is heavy, eggs may be found in 50 per cent of the dead leaves still 
clinging to the plants. In one instance two egg masses were noticed 
between the petals of half-opened buds, and in two other cases egg 
masses were discovered inside of flattened straw in the manure mulch. 
Captive beetles, in glass vials closed with cork, have deposited eggs 
on green leaves, in crevices of the cork, and in practically any place 
where there were two contiguous surfaces; eggs have even been laid 
between the cork and the glass or on the glass when a leaf rests 
against it. These beetles, however, have shown a preference for dry 
leaves when such have been kept in the vials. 

Observations on egg deposition in cages and in the greenhouse dur- 
ing three successive years gave a maximum of 23 eggs per mass. The 
data presented in Table 8 indicate that this number is exceptional, 
and that more of the egg masses contain 2 to 5 than 6 to 10 eggs.  Al- 
though these figures are based on deposition by caged beetles, egg 
masses collected in the greenhouse did not vary from these results. 


TABLE 8.—Number of eggs per mass in egg masses of the strawberry rootworm 


masses Masses masses 


beetle 
Number of— Number of— Number of— 
Eggs per mass Egg | Eggs per mass Egg Eggs per mass | Egg 


Pee owl) w 


DEVELOPMENT 


The first signs of development are noted as the ends of the egg 
become translucent 36 to 60 hours after deposition. Segmentation 
becomes indistinctly visible about the seventh day or later. The tips 
of the mandibles begin to show as they become chitinized about the 
eighth day. At this time the embryonic larva is nearly developed 
and within 24 hours the larva breaks the shell. 

The period of incubation was usually from 7 to 18 days in length, 
although a few individuals hatched in 4 days and a few others not 
until 27 days, the length of time depending on seasonal conditions. 
The reasons why the records for 1921 varied from those of 1920 are 
unknown, and in order to check these results the incubation periods 
of large numbers of eggs were observed during 1922. These data are 
given in Tables 9 and 10. 
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TABLE 9.—Variation in length of the period of incubation of eggs of the straw- 
berry rootworn beetle during 1920 and 1922, by months 


1920 
Number of eggs hatched during— 

Total 

Period of incubation nye 

Bnd Ail May June July August | hatched 

Days 
do+222 Jo --.  ee 0 0 0 2 0 2 
Borie ee Ae a 0 0 2 6 0 8 
eee CE ee ee ee 0 | 0 4 1 0 5 
orecs so ieont dd rs 0 il 1 0 0 2 
Lio. se 1. I a eee ae 07 3 0 0 0 3 
Uo oS. Seca Se ee ee 2 5} 1 0 | 0 8 
See eon ere eee 12 cals 6 | 12 0 0 0 18 
UT eee ee eee 1 2 0 0 0 3 
Biocon see aoe eee ee eee 07 2 0 0 0 2 
PMvGRAC eH, Caysa- =. 5! eb 12. 89 12. 68 9. 25 7.89 0 11.32 
1922 

Se Sane Soe eee an arr eS 0 0 0) 6 0 6 
een ani Se sae Eo 0 0 0 1 0 1 
Do eee eee ae ee eee pe ee 1 0 0 | 1 0 8 
J tence e Sa e a e  Seeee 1 0 158 707 99 965 
Speen oe a a ee Or 0 0 174 58 245 477 
Yessetck 25 ee ee ee ee 0 | 14 389 577 166 1, 146 
Uns 8 2 Ee ee ee ee 2 119 393 244 137 895 
whe oe aS ace ches Sr 1 52 160 327 56 596 
‘20. i a eee 6 208 115 | 45 17 391 
(iti cco: boa. ee ee 10 | 34 4 49 6 103 
Ui ste abe oe ee ee eee een ee 8 | 68 64 27 0 167 
LG ase ee Se ee ee 9 | 74 0 0 0 83 
40 62 0) 0 0 102 
25 | 54 0 0 0 79 
35 | 12 0. 0 0 47 
0 13 0) 0 0 13 
2} 2 0 | 0 0 4 
0 1 0 0 0 1 
07 0 0 0 0 0 
if} 0 0 0 0 1 
PRUPLAPOUINCAV GS. = sn od oe 15. 96 | 13. 07 9. 62 8. 92 8. 84 9. 89 


TaBLe 10.—Time of deposition and hatching and period of incubation of eggs of 
the strawberry rootworm beetle in 1921 


or caieek is { i rt 7 mT 
Number of eggs— | Number of eggs— 
Date of _-—_——— pate of ee ee On ; Date of Laer 
deposition atching : eposition j atching : 
Depoe Hatched | period | Tenge Hatched Period 
7 Wives. i ; RR, 
| Days Days 
6 5 15 | Apr. 8-- 17. || Gap B5ee 2. 33 1 pr. 26_- 20 
Mar. 22..-..., 52 { 2 | 12. 21 gee 19 1 26_- 20 
(ee 64 4 | 26_. 27 I9teseys 33 2) May 9.- 20 
3 35 8 18_- 18) || Pie Tas | 26 2 Qh. 18 
Seed 23 2 | 21. 21 Deira | 36 4 es 18 
SN Mg nee as exes 1) 3 | 19h 17 
4 a5 if 7 26... 22 
Ti sla crashk 2 Pies 23 


TIATCHING 


Observations on the hatching of two larvee, A and B, were as 
follows: When first observed A was yellowish in color with a trans- 
parent head and dark brown mandibles. It had already broken or 
chewed one end of the shell and had freed its entire abdomen by 
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moving backward through the opening, after which it crawled inside 
and began to chew and swallow small portions of the broken shell, 
consuming about one-fourth of it. About an hour later it turned 
around and chewed at the other end. After 70 minutes the head was 
still rather transparent but had become brownish. 

When observed at 10.15 a. m., specimen B was curled up in the 
shell, flexed dorsally at about the division of the thorax and ab- 
domen, and seemed to be pushing upward on the shell. No ruptures 
in the shell were visible at this time. The larva then straightened 
out and twisted itself around so that its mouth reached the place 
where the back had been pressing against the shell, where it had 
chewed an opening by 10.55a.m. At 11.45 a. m. it again returned to 
its first position and was pressing with its back against the break in 
the shell, enlarging the opening. A wavelike motion, extending from 
the tip of the abdomen forward toward the head, accompanied the 
pushing and helped break open the shell. Following this the little 
larva straightened its head and thorax, keeping the abdomen in the 
same position as when pushing. The opening was apparently not 


Fic. 8.—Strawberry rootworm. Lateral view of larva, enlarged 


large enough for the head to get out. At noon the larva, by curling 
the end of its abdomen slightly forward, shoved itself backward until 
its head could be thrust out through the opening made. At this time 
there was no differentiation in the color of the head and the body. 


LARVA STAGE ® 

The full-grown larve# or grubs (fig. 8) are from 4 to 5 millimeters long and 
1.1 to 1.4 millimeters wide. They are entirely white except for the head and 
the dorsal surface of the prothorax, which are pale yellowish brown. The 
prothoracie Segment, which is firmer in structure and bears only one fold, 
is leathery and smooth above and a little longer than the other Segments. The 
remaining segments are each marked with three transverse dorsal folds, which 
terminate on the sides in large, low elevations, pointed ovate in form (the 
pointed ends being upward), one to each segment of the body excepting the 
head, prothorax, and anal segment. 

There are nine spiracles on each side of the body, the first larger than the 
others and located between the prothoracic and mesothoracic segments, whereas 
the others are placed on the abdominal segments, except the last. They are at 
the lower ends of the ovate elevations mentioned above. Below the row of 
spiracles there is a row of prominent tubercles, one to each segment, forming a 
longitudinal groove between this row and the elevations above the spiracles. 
On each ovate elevation there is just above the spiracle a small mound from the 
center of which arises a seta. A similar seta arises from each tubercle of the 
first row. Below this row of tubercles is a longitudinal fold on each segment, 


5 The description of the larva is based on that eves by Forbes (18, pp. 151-152), with 
some additions and modifications. 
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which forms the upper side of a longitudinal groove, the lower edge of which is 
made up of the coxe of the legs on the thoracic segments and a row of only 
slightly prominent tubercles on the abdominal segments, one on each. Hach 
tubercle in this second row bears a bunch of from two to four sete. A trans- 
yerse yentral ridge is present on each abdominal segment and bears two 
groups of short spines on each side of the ventrimeson. These form two 
longitudinal rows along the abdomen. The medial groups are each composed 
of from § to 10 spines, except those on the last segment, which only have 4 or 
5 spines, while the outer groups have from 4 to 6 spines. All the spines on the 
abdominal ventral ridges arise at a sharp, acute angle from the body and point 
backward. 

The Head is smooth, somewhat flattened in front, and bears a few sete. 
The clypeus is transverse, trapezoidal, narrowing forward, and the labrum 
is rounded in front. The minute antenne are four-jointed, the outer angle 
of the third joint being continued in a cylindrical process which reaches to 
the end of the triangular fourth joint. The maxille are moderately developed. 
The cardinal and basal pieces are not well distinguished, the maxillary lobe 
is armed with stout spines within, and the palpi are prominent and four-jointed 
The labium is thick and semicircular, with little appearance of a palpigerous 
tubercle. The labial palpi are slender, cylindrical, and unarticulated. The 
bifid mandibles are dark brown with black tips, and therefore stand out in 
marked contrast to the light-colored head and body. 

The legs are about as long as their corresponding segments and are white, 
with the exception of the simple claws, which are dark brown at the tips. 
There are a few sete on the legs, becoming short and spinelike toward the 
claws. 

EARLY ACTIVITIES AND LOCATION IN THE SOIL 


That the newly emerged grubs are very active and have consider- 
able vitality was demonstrated when five larve were kept in a 
small gelatine capsule with only the dried leaf bearing the empty 
eggshells from which they hatched. They remained alive from 
three to five days. 

The leaf (fig. 4) carrying the egg mass may drop or be washed 
to the ground by the force of the syringing water before the larve 
hatch, so that they may crawl off directly on the soil; but if the 
leaf is still stuck to the twigs or stakes the larve do not hesitate 
to drop off. Newly hatched larve have been placed on a piece of 
paper and their course of travel traced. Their tortuous trail was 
in every case made up of a series of loops, always to the right if 
the little larva started that way, or to the left if the first turn was 
to the left. One larva traveled a distance of approximately 36 
inches in 63 minutes, at the end of which it was 414 inches in a 
straight line from the starting point, having crossed its path 15 
times, always turning to the right. These actions probably explain 
why the larve always bore their way into the soil with a spiral 
motion. | 

Presumably the larve enter the ground (fig. 4) as soon as they 
abandon the leaf on which they hatched. Larvee placed on the soil 
of beds immediately after hatching entered the ground not more 
than 2 inches from where they were first placed. Others put on 
the soil of potted plants would bore into the first crevices or open- 
ings which they encountered. Only in a very few instances were 
these newly hatched larvae observed to remain on the soil surface 
longer than 15 minutes. Some larvee which were dropped on soil 
from a height of 18 inches immediately worked their way into the 
ground, and 75 per cent of them were found alive three days later. 

The entire larval stage is spent in the soil (fig. 4), usually close 
to the ball of roots of the rose plants. Oftentimes larvee have been 
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collected 8 to 10 inches from the main stem of a plant, and at a depth 
of 6 to 7 inches from the surface. Usually they are found at a depth 
of 2 to 3 inches, and as many as 19 specimens have been found 
among the roots of a single plant. 


6 FEEDING HABITS 

Although their first attention seems to be given to the smaller 
feeding rootlets, the larve also gnaw and penetrate the main roots. 
(Fig. 2.) They have been observed to girdle the crowns just below 
the soil surface, resulting in the loss at one establishment of over 
100 *“*own-root ” plants which had been set about three months pre- 
viously. Older bushes can withstand more severe feeding before 
showing the effects. Plants in a decidedly poor condition had been 
growing in a bed for five years and showed many furrows in the 
main roots which had evidently been the source of larval nourish- 
ment. Only a few new growths were produced after “ pinching ” 
the shoots, and these were short and weak because the vitality of the 
plants was very low, and the foliage lacked its normal green color. 
These plants were used for experimental work on the soil stages 
and accurate counts were made of the number of larve and pupz 
found in each. During the examination of 481 of these plants 2,991 
larve and pups were found, or an average of 6.22 to a plant, the 
maximum being 23 specimens. 

Examination made in August, 1921, of the roots and soil around 
58 plants dug up at random in different sections of a greenhouse 
where 3,000 plants were being removed, showed that 130 larve and 
150 pupee were present, or an average of 4.8 specimens of the soil 
stages to each plant. If this condition prevailed throughout the 
house it would mean that there were 14,400 individuals in the soil at 
that time. Since egg laying is continuous throughout the spring and 
early summer months, the roots of these plants had probably been 
subjected for several months to attacks by successive large broods of 
larvee. 

A comparative lack of the fresh white feeding rootlets was con- 
spicuously evident in the case of the infested plants mentioned above. 
Even though very few of the older plants die as a direct result of 
the larval attack, they become so weakened that many of them fail 
to withstand the rigorous treatment accorded the bushes when sub- 
jected to artificial dormant conditions. It is a cultural practice 
among the growers during the drying-off period to withhold water 
from the plants for a period of from two to four weeks or longer, 
after which the greater part of the growth is pruned off until only 
from 12 to 18 inches of the main stems are left. Moisture is again 
made available to the roots, and normal plants will immediately put 
forth new growth from the buds. Extensive injury to the root 
systems (fig. 2) prevents them from functioning normally and re- 
sults in the loss of the more severely injured plants. 

In less than three days 23 newly hatched larve confined in a vial 
with soil containing roseroots chopped in half-inch lengths have 
eaten the equivalent of 10 inches of roots which were approximately 
one-sixteenth to three thirty-seconds of an inch in diameter. In 
several instances where pupe were kept in the same cage they were 
chewed by the larve. That the larve are able to burrow through the 
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bed from plant to plant is indicated by the fact that when confined in. 
pill boxes or cages with soil they pulverized the earth very thor- 
oughly. 


MOLTING 


Very little is known regarding the number of molts and the time 
of molting. One larva which was 4 days old was seen freeing itselt 
from the old skin. This was probably the first molt, but nothing 
further was noted. 


DURATION OF THE LARVAL STAGE 


From an examination of Table 11 it will be seen that the duration 
of the larval period is from 33 to 74 days. Seasonal conditions, as 
well as moisture and temperature, undoubtedly affect the length of 
this stage. In cases where the date of pupation was not noted, the 
duration of the larval period was calculated by deducting 8 to 11 
days, the time usually required for the pupal stage, from the num- 
ber of days between hatching and the emergence of the adult. 


Tasre 11.—Duration of larval and pupal stages of the strawberry rootiworm, 
1920, 1921, and 1922 2 


{Observations taken at Doylestown, Pa., except those on June 1i, 12, and 14, 1922, which were taken at 
Washington, D. C.] 
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er 0 ica 
indi- oe | Larva Remarks 
viduals Hatching | Pupation : Larva | Pupa and 
| gence 
| pupa 
1920 1920 1920 | Days Days Days 
ieee iiviar 2422s June 4.2--_ June 16- 72 12 84 
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Minimum length of Jarval stage_-........----.--.--.---- PTT St Tee pepe ea ae nye vip _ 47 
Minimum Jength of larval stage (estimated) BS. SR ia : ‘ : 52188 
Average length of pupal stage (based on 33 specimens) ......---------------- Fees day ace aeod ae LOL, 
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PUPA STAGE ® 


The pupe (fig. 9) at first are whitish throughout. The eyes are dark 
and the mandibles become brown about the middle of the pupation period. 
When the pupa is about. three-fourths mature the tips of the metathoracic 
wings become dark gray, following which the mesothoracic wings, which de- 
velop into the elytra of the adult, become somewhat brownish owing to the de- 
velopment of the chitin. When first formed, with the wings still folded close to 
the body, the pupa is from 3.8 to 4.3 millimeters long and 1.9 to 2.1 millimeters 
wide. As it develops the pupa becomes somewhat shorter and a little stouter, 
approaching the shape of the adult. The head of the pupa is bent down slightly 
and the legs folded against the under side of the body, the metathoracie pair 
being applied against the sides of the abdomen, while the femora of the pro- 
thoracic and mesothoracic pairs project at right angles, with the tibie folded 
up close to the femora. The wing pads are wrapped around the metathoracie 
legs. The antenne are held close to the body and curve under the distal part 
of the femora of the two anterior pairs of legs. The front of the head bears a 
few long sete with bulblike bases; three transverse rows of similar hairs are 
present on the dorsal side of the pro- 
thorax, and the scutellum bears one on 
each anterior corner with a pair on 
either side and slightlyin front. There 
are six on the upper side of the meta- 
thorax and a row of eight on each ab- 
dominal segment. The last segment of 
the abdomen terminates in two simple 
spines which curve dorsally. The spines 
are dark in color and become quite 
dark when the pupa is almost mature. 
In front of these hooklike projections 
are two pairs of lateral set, one on the ~ 
last and the other on the next to the 
last segment, which project backward. 
A strong, curved hook, similar to the 
anal hooks, arises from the posterior in- 
ferior angle of the tibiofemoral articu- 
lation of the metathoracic legs. These 
curve down and in toward the body 
and each bears a long bristle near the 
point. The anterior angles of this joint 
Fic. 9.—Strawberry rootworm. Dorsal bear two long sete with inflated bases, 

view of pupa. Enlarged and similar sete arise from the ante- 

rior angles and the middle of the in- 

ferior margin of the corresponding joints of the other two pairs of legs, which 

do not bear spines, however. The ventral surface of the pupa bears no sets or 
spines. The abdomen is slightly curved ventrally. 


PUPATION, LOCATION OF PUPA, AND LENGTH OF PUPAL PERIOD 


The full-grown larve hollow out small earthern cells and there 
change to pup. (Fig. 4.) Most of the pupe collected have been 
found within 2 inches of the soil surface, and when the cells were 
broken into the disturbed pupze would move their abdomens back 
and forth very vigorously with a motion which apparently served 
the purpose of keeping the cavity hollowed out. When sifted soil 
is dropped on a pupa resting in one-half of its cell, the particles are 
swept out of this cavity by three or four movements. : 

The duration of the pupal stage was from 5 to 17 days, as indi- 
cated in Table 11, but from 8 to 11 days appeared to be the usual 
time required for this stage. 


® The description of the pupa is based on that given by Forbes (13, pp. 152-153), with 
some additions and modifications. 
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SEASONAL HISTORY 


_ There are two generations a year of the strawberry rootworm 
when it spends its life in greenhouses. The curious feature of its 
habits under greenhouse conditions is the pseudohibernation which 
it undergoes. The beetles which emerge in late summer and early 
fall—August, September, and October—pass the greater part of the 
winter in hiding, either in the surface mulch or in the dried leaves 
on the plants. During this time they are not in a true dormant 
state, since they occasionally come from their hiding places, par- 
ticularly on warm, clear days, and feed. It is possible that this 
habit can be accounted for as a vestige of the natural life of the 
insect out of doors, where it hibernates as an adult in a true dormant 
condition. 

Since a minimum temperature of 60° F. at night and about 80° F. 
during the day is maintained in rose houses during the winter, tem- 
perature conditions apparently do not account for the semidormant 
state of the beetles. From 
November until February °° 
only a few beetles are seen 26 
on the plants, but they may %2: 
be located by searching in 
the mulch or dried leaves. 
In February many of the 


Number of Adults Died. 
K 


beetles come out of their i0 
hiding places and _ start ; 
feeding. 4 
Very few beetles collected ACUI 
durin jee March have lived ee? 15 Hoeeee ea 15 2025 son 15 2025 aie 15 202530 


until May, although a few Itc. 10.—Time of death of 99 adults of the straw- 
have thrived until June and berry rootworm collected in greenhouses in 


July. (Fig. 10.) Most at De Onin every five days from 
adults collected in May and 
June have lived through the summer and fall months, and a few 
individuals have survived until December. Reference to Table 5 
will show a general decrease in the number of collected adults during 
two general periods, April and May, and August and September. _ 
Ege laying commences early in March, continuing through April 
and to a limited extent in May. From these eggs develops a new 
brood of adults which emerge from early May until late in July. 
The maximum number of beetles are found from late in June until 
August, which is also the period of severest injury to the plants. 
Many individuals of the second brood, which develops from eggs 
deposited by these beetles, and which emerges during September and 
October, live through the winter and lay eggs the following spring. 
The generations are usually indistinctly separated, owing to the 
leng period of egg deposition and the fact that a female may continue 
laying eggs after adults have developed from her earlier eggs. Fre- 
quently, even in severely infested greenhouses, there are periods when 
a comparative absence of adults may lead a grower to believe that 
some cultural or other method has successfully controlled the insect, 
but the emergence of a new brood of adults a few days later proves 
any decrease to have been merely seasonal. For example, on June 
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10 one grower believed he had rid his plants of the insects because 
he found only a few beetles and very little evidence of fresh feeding. 
Ten days later, however, large numbers of soft, light-colored adults, 
indicating recent emergence, were on the plants feeding voraciously. 
Such periods of comparative scarcity are of indefinite duration, and 
are more likely to occur in the intervals between broods, especially 
in May and June, and again in August and early September. 

Eggs have not been found in ereenhouses between September 1 
and March 1. Soil examinations in September and October have 
shown only well-developed larve and pupe; never any young larve. 
That the adults which emerge in the fall do not lay eggs until after 
the hibernating period is indicated in Table 12. If will also be seen 
that most of the egos were deposited after February, even though 
a few were laid during December and January, owing possibly to 
cage conditions. 


TABLE 12.—Period of egg deposition of strawberry rootworm beetles collected 
from September, 1921, to January, 1922 


[Eggs were deposited by caged beetles from December, 1921, to March, 1922, although none were found in 
greenhouses in the same period] 
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i Date collected. 2 Cage closed. 
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NATURAL ENEMIES 


Natural enemies of the strawberry leaf beetle are apparently very 
few in the greenhouse, since no parasites have been observed attacking 
any of the several stages. Among the predators, carabid beetles and 
their immature stages are occasionally found in the soil and will 
devour any adults, larve, or pups which they may encounter by 
chance; these insects show no preference for Paria canella, however, 
and are not plentiful enough to render any practical assistance in 
control. Aduvits of Paria are often found bearing numbers of small 
mites, Uropoda sp., on their elytra. These mites are very prevalent 
in manure and soil, and it is probable that they use the beetles as 
transporting agents, since they have also been found attached to 
sowbugs and millipeds. Spiders and toads will eat adult beetles 
coming within their reach. In one packing room a large spider 
which had a web close to the sorting bench immediately attacked and 
Inlled all beetles carried in on cut flowers which were placed on a 
knife point within its reach. In the same room a large toad was 
observed to devour any of the beetles which dropped to the floor. 
None of these creatures, however, can be considered as an impor- 
tant factor in controlling this insect. 


EXPERIMENTS IN CONTROL 


Early in the progress of these investigations the futility of at- 
tempting to control the strawberry rootworm in greenhouses by 
methods normally employed against leaf-feeding insects was illus- 
trated in Dietz’s report on an infestation in Indiana, as published 
in a paper by Weigel and Chambers (30, p. 227). The roses had 
been sprayed several times with a mixture consisting of 2 pounds of 
powdered arsenate of lead and 12 teaspoonfuls of Paris green in 50 
gallons of water. This solution did not adhere well and - proved in- 
effective against the beetles. A commercial brand of kerosene emul- 
sion, diluted 1 part to 16 parts of water, killed the adults by contact, 
but burned the leaves so severely that the i injury was still visible five 
weeks later. Volatile nicotine at the rate of 36 teaspoonfuls to 4 
gallons of water stupefied but failed to kill the beetles. 

In 1920 the writer investigated an infestation in Cumberland, Ind., 
where he found that, as a result of the failure of all poison applica- 
tions, the growers had resorted to hand picking the adults, using the 
specially constructed pan described on page 37. 

Peterson (23, pp. 479-493), of New Jersey, and Primm and Trim- 
ble, of Pennsylvania, encountered similar difficulties, and as a last 
resort the florists concerned turned to the laborious but.certain control 
by hand picking, in some cases using the special-pan method. When 
the first control experiments were undertaken at Alexandria, Va., a 
serious infestation existed, and the ravages of the insects were pro- 
gressing at such an alarming rate that the entire crop was threat- 
ened. Since the roses at that season of the year were being forced 
because of favorable weather conditions, the control program neces- 
sarily had to be in accordance with the cultural methods in order 
not to prove deleterious to the future growth of the plants. 
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SPRAYING WITH ARSENICALS 


Ordinarily arsenicals used as stomach poisons are the standard 
remedies applied in combating such ravenous leaf feeders. For 
this reason preliminary tests were made with varying strengths of 
calcium arsenate, arsenate of lead, and Paris green. In spraying 
the plants at Alexandria, Va., with a pressure sprayer, special 
care was taken to cover all of the foliage so that it presented a 
whitewashed appearance which lasted many days. The arsenates 
of lead and calcium did not injure 
the rose foliage when used at the . 
rate of from 2 to 21% pounds to 50 
gallons of water, to which one-half 
ounce of soap was added for each 
gallon of spray material, provided 
they were applied only on bright 
days; otherwise severe burning re- 
sulted. This was demonstrated in 
experiments conducted later at 
Oak Lane, Pa., where one block of 
40 rose bushes sprayed at the fore- 
going dilution on a dark, cloudy 
day showed severe burning and the 
plants shed 50 per cent of the foli- 
age, whereas a similar group 
sprayed on the following day, 
which was clear, suffered no injury. 

In marked contrast with the re- 
ported control of this insect on 
strawberry plants by means of 
spraying with calcium arsenate or 
lead arsenate, it was found that 
under the conditions existing in 
rose houses this treatment was not 
only impracticable and objection- 
able but was actually ineffective. 
it was impracticable because the 
beetles fed at night on the young 
and tender growth, which was 
being forced so rapidly during the 
hot, sultry nights that it could 
Fig. 11.—Rose plant cut back at end of not be sprayed frequently enough 

resting period. Many adults were to keep the new foliage covered 

cot (Bee te, tay Cebrs on, the with the. poison.. Moreoyersathe 

whitish deposit which remained 

on the leaves after spraying was objectionable to the florists, be- 

cause it reduced the market value of the cut flowers. It was ineffec- 

tive in controlling the beetles because they avoided feeding on the 
arsenate-coated foliage but continued to devour the new leaves. 

There is, however, one period in the culture of roses when the 
use of an arsenical as a spray has proved effective against the 
beetles. When the rose plants are cut back (fig. 11) practically all the 
foliage is removed and the fresh growth develops from new buds. 
The absence of foliage forces the beetles to feed on the green bark 
as well as on the swelling and breaking eyes or buds, which causes 
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serious retardation of the growth. For about six weeks after the 
cut back, during which period no blooms are produced, the plants 
may be sprayed rather than dusted with arsenates to keep the 
fohage protected. When a solution of from 4 to 5 pounds of 
powdered arsenate of lead or calcium arsenate to 50 gallons of 
water, with soap added as a “sticker,” was used to spray the stems 
and swelling buds the same day, so that the beetles found them 
covered with an arsenical, the plants in several infested rose houses 
passed this critical stage with almost no injury. 

For several seasons one florist sprayed his plants with a Bordeaux- 
arsenate of lead mixture which served as a repellent in protecting 
them from the insects’ voracious feeding at the time the plants 
were making their new growth after being cut back. 

In the earler experiments at Alexandria, Va., Paris green was 
soon rejected as a spray because no diminution in the numbers of 
adults was noticeable, even though the florist had been using it over 
the entire range of infested houses prior to tests by the Bureau of 
Entomology. No injury to the plants followed its application. But 
in Indiana its use at a greater strength failed to afford any relief from 
the work of the beetles. 
Peterson’s (23, p. 481) ob- 
servations made eight days 
after application indicated 
that Paris green at the 
rate of from 4 to 8 ounces 
to 50 gallons of water did 
not kill the adults in sufh- 
cient numbers to warrant 
its use, and that 8 ounces 
of Paris green to 50 gallons 
of water may burn rose 


: : Fic. 12.—Fan type of hand duster, useful for ap- 
foliage. Furthermore, 1t plying insecticidal dusts in greenhouses 


has been noticed during 

the last three seasons that although florists have occasionally felt cer- 
tain that they had succeeded in controlling the strawberry leaf beetle 
by using Paris green, they have found it later continuing its 
ravages. From all this itis apparent that this treatment is ineffective. 


DUSTING WITH ARSENICALS 


The deposit which remains on the leaves of rose plants after 
spraying with arsenicals is objectionable, because it impairs the 
ornamental value of the foliage. Attention was therefore directed 
to other means of application. A dust mixture containing 10 per 
cent, or preferably 15 per cent, of either lead arsenate or calcium 
arsenate and superfine sulphur or other carriers, applied with an 
improved hand duster of the fan (fig. 12) or the bellows (fig. 13) 
type, overcame this difficulty. The following formulas are recom- 
mended and may be purchased or mixed: 

10 per cent formula: Pounds 
Superfine sulphur (200 mesh) —-----~--~----------------- 90 
Lead arsenate or calcium arsenate (powdered) —~------- 10 

15 per cent formula: A 
Superfine sulphur (200 mesh) ------------------------ BOM ti 
Lead arsenate or calcium arsenate (powdered) —---------- 15 
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The use of this dust mixture is practical in greenhouses, because 
the foliage can be easily and quickly covered with the arsenical with- 
out being injured or disfigured by it, and the sulphur in it also 
operates against mildew and black spot. Eight pounds of the dust 
can be applied to 3,000 plants 2 to 3 feet tall in less than eight 
minutes. Because of its relatively nonsticking quality, the dust 
covering is washed from the foliage and must be renewed after each 
syringing, or about two or three times a week. By this means the 
new growth produced in the periods between dusting is also kept 
covered. From the middle of February, when the beetles begin 
feeding, until November, when they become inactive, the l:aves must 
be constantly covered with an arsenical to protect them from injury. 

It was not possible to determine with accuracy the effect of thse 
dusts when applied on a commercial scale in the greenhouses, unless 
diminution of numbers be used as an index. The results presented 
in Table 13, however, 
indicate the effect of 
various mixtures on 
caged beetles. 

The outstanding 
fact in the cages 
where — arsenicals 
were used is the very 
greatly reduced 
amount of feeding as 
compared with the 
foliage consumed in 
the check cages, and 
this indicates a re- 
pellent action in ad- 
dition to the poison- 
ic. 15.—Bellows type of hand duster, useful for apply- One eHlags ee carey 

ar ing eee sete dusts ia eae Salonese Banas in larger quantities. 

In some cages the 
arsenicals seem to affect the beetles almost immediately, whereas 
in others the action appeared to be prolonged over several days. The 
amount of feeding on leaves dusted with superfine sulphur was some- 
what reduced, but did not result fatally. There was no evidence 
that the effectiveness of dusts would be increased by the addition of 
cornstarch as a possible bait. Hellebore proved valueless. Beetles 
which were caged with untreated rose leaves ate voraciously, while 
others confined without food remained alive from 7 to 15 days. 

In three establishments which had suffered severe injury dusts were 
applied during three seasons. In two of these places the plants were 
treated persistently and thoroughly with a mixture of lead arsenate 
and sulphur (10 per cent formula) during the periods when the 
beetles were present in large numbers. Although many of these in- 
sects were actually removed by tearing out infested beds, by replac- 
ing the soil, by setting new plants, and by hand picking, the dusting 
was undoubtedly a very important factor in reducing the infestation 
in these establishments. : 
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TABLE 13.—Haperiments with arsenical dusts on caged strawberry rootworm 
beetles 


[Five beetles were used in each experiment] 


First day | Second day | Third day | Fourth day | Fifth day 
Material and strength Feed- | Feed- Feed- | Feed- Feed- 
Dead | ee ‘Dead aie: Dead | “suite: Dead pune! Dead Bane 
| tures tures tures tures tures 
| | - 
| | 
Sittin =. 5 90 parts__ a | 
Arsenate of lead_____-___- 10 parts_- \ 1 10 3 8 0 3 1 Q) )e-===-|E2 === == 
SU its ee 90 parts__ | : 
oe ailend mut 10 parts_- \ 0} 4 0 1 1 5 0 3 1 0 
eS lle) chi 2 ee 90 parts_- | 
OE aig aes x parts_. \ 0 9 0 9 0 0 ON 0 1 0 
Salphtres eee. 222 ols parts__|\ | 
Arsenate of lead_-_------- 2parts.|f 9) | 1 12 2 1 0 2 2 0 
7GTOL G1 ir ote 80 parts__|\ 5 | 1 | 
paevale oflead --- -L.-==2 ue parts__|f Vem pe rect | Ty ina, valet amma ng oan mirage 
Soe ee parts_- 
Arsenate of lead___-_-_--- 20 parts__ \ 8 | 0) 1 1 0 3 0 0 3 1 
Siti p adie wate ee 80 parts__ 
Arsenate of lead.______-_- 10 parts__ 0 | 11 3 O}E ee ae beeen Merona Clee i Ele aE eaes a 
Bordeaux, dry------------ 10 parts_- 
Silphyne eee. 50 parts__ 
Arsenate of lead___---_--_- 10 parts_- 0) 0 0 6 2 | 3 0 0 3 1 
Gag Vara en 40 parts_-|, 
SLU Tei ere as a 80 parts_- | 
Arsenate of lead__-____--- 15 parts__ 0 | 1 | 0 3 0 0 0 0 0 0 
Powdered sugar-_.--------- 5 parts__ 
erent of lead, Daa Use. 8 3 4 | 2 Dai etn nae coe wae etl eect es pea ed Ue eR neal nee 
esi) a te 2 a 90 parts__ | | 
cane arsenate. -.-—-—-—- 10 parts__ \ 1 3 | 3 0 1 0 |------|-------|------|------- 
Bipnere se ee eo se 90 parts__ | | 
velo MESEM ates. 22. 10 parts_- \ 0 1 0 6 0 5 0 0 4 3 
Tap HUre = Sef £ kl 2-2 80 parts_- 5 | 
cecum arsenate. ----_- 2a parts__ \ 0 2) 1 : 2 0 1 0 1 0 
SHMae eee = = So 80 parts__ | | 
Calcium arsenate__.__.._- 20 paris \ 0 1} 0 0 3 2 0 0 2 1 
alcium arsenate-_------- 2 pounds-__ 
Waters eer 2 osela_ =. 50 gallons__ \ : | 2 . g : WN psescs|eo sooo 
SSPE UT gras Se 50 parts__ | ‘ 
Calcium arsenate__..--_-- 10 parts__ 0 1 0 2 ito) 1 0 0 2 1 
Lis) ttt a ee 40 parts _- : 
SU U0 foe ae ee eee 72 parts__| ' 
Arsenate of lead---------- 18 parts__ 0 | 3 0 3 0 5 0 0 0 0 
Corpstareh.--- =. =~-==-=- 10 parts_- | 
SyYs (2) U4 (a5 oe ll alates 81 parts__ 
Arsenate of lead______-_--- 9 parts__| 0. 3 0 3 0 | 2 0 | eaRe Ee ae 
@ormstareh-- =.= ----- 10 parts__ 
HBHBD OLE A ULVin== -s-5---22e55.25e5 0 24 0 20 0 6 0 7 0 
SHELSSSEVE SY, C9) 04 eyes ep Sa 0 18 0 13 0 8 1 4| @) (1) 
Check (untreated leaf). ...-.------- » ey Q a6 28 a 8 % (1) a 
“Same a oe aes Be ee 
oy rs ean 0 0 0 0 25 1 19 0 0 
Check (no food, 14 beetles).__.__--- 0) eee OblesSee. ON EES Oyezec eS OM eee soe 


1No data. 
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TABLE 13.—Haperiments with arsenical dusts on caged strawberry rootworm 


beetles—Continued 


| Sixth day | Seventh day | Total 
| i 
Material and strength | Feed- Feed- Feed- | Control Remarks 
ing ing iD ing 
|Dead pune- Dead pune- Dead pune- 
tures tures tures 
Sulphur eaeee 90 parts_- Per cent 
Arsenate of lead____- 10 parts_- \ -----|-------|------|------- eae 21 100 
Sulphur eee 90 parts__ | f 
ae of lead__--- 10 parts_. \ 0 0 2 Ob 13 80 | 1 alive. 
Solphirsss= sees 90 parts__ | | é 
eae s AGHA ETL 1 Barcel 0 o| 2 OMe Salis 60 | 1 dead on eighth day, 
Salkoae 80 parts__ Nate Pi 1 1 dead on ninth day. 
Arsenate of lead -_--- 20 parts__ \ Geter ae a ec aie] bad aad bet 
Sulphur 80 parts_- 5 1 100 
Aasensts of lead-___- ay arts= oy {irc raalpagioacn| iam Sil ae | 
Ulphee 0 parts__ | 
Arsenate of lead --_--- 20 parts_- \ 1 UG ee ae o| 5 100 
Sulphur) 80 parts__ 
Arsenate of lead-_-_--- LOMO ATS =|) | eee eee ea ee 3 | 11 60 | 2 escaped. 
Bordeaux, dry------- 10 parts__ | 
Sulphur-______-_-_-_.50 parts__ | 
Arsenate of lead----- 1Oparts]_|-__- 2) [eee Ss] eS 5 10 100 | 
Ka oline sess. see an parts__ | 
Sulphur sees ene 0 parts__ 
Arsenate of lead _-_--- 15 parts_- 0 6; 0 it 0 11 0 | 1 died on eleventh day. 
Powdered sugar ------ 5 parts__ | 
JN EB OH IEG jopbere ea ele 5 6 100 
Sulphir=== = 90 parts_- \ 5 3 100 
Cale ATSC TMA wee O50) Ae || estan an | icine aia | Sai | 
Sulbphia== 90 parts__ | 
Calcium arsenete_-.-10 parts__ \ 1 0 |------|------- 5 15 100 
Sul phiree=sesseeeee 80 parts__ 5 3 100 | 
Calcium arsenates-_=20 parts. 2|(sssss|scaccualuccuas|uumnnen | 
Sol phir ieee 80 parts_- 5 4 100 
cada arsenate_-_-20 wee } Pi EET ET CREE, He 
alcium arsenate_..2 pounds_-_ i pie 
Wenge 50 gallons__ \ ee |e |e 5 6 100 | Solution sprayed. 
Stilo rrr ae 50 parts__ | | : 
Calcium arsenate_._-10 parts__ 2 | (0) eee ped Pe Ce 5 5 100 
Haein Bi NN Se et 40 parts_- | 
Sul phir sees 72 parts__ | 
Arsenate of lead ____- 18 parts__ 0 {aN Pee aN Bates 0 16 0 | 3 died on eleventh day. 
Gorstargh Se LE ya 10 parts__ | 
fou ooyoi Rs 81 parts__ 
Arsenate ol lead ae: 9 parts__ Fie OS Ca | flee). Saas 0 8 0 | 1 died on eleventh day. 
Cornstarch 10 parts__ | | 
Hellebore;idryee ee 0 (Dig eee aN I | 0 | 57 0 | Fresh untreated leaf 
| given on sixth day. 
Soulovawie, pobre (1) (1) (1) (1) 1 43 20 
Check (untreated leaf)_______- (1) @) | @ (1) 0 129 0 
100 aetna AES eh UES AES 0 36 27 0 269 0 New leaf given on fifth 
ay. 
Setar See A Oa aE () () (1) () 1 44 20 
Chea (no food, 14 beetles)____| 0 |__-_-_-- | 2) eee 2 0 40 a dead on fifteenth 
| ay. 
} 


In the third establishment dusting was practiced to only a limited 
extent during 1920. In 1921 a heavy infestation existed and dusting 
was employed as one of several methods of controlling the beetles. 
After the plants had started new growth following the cut-back 
period (fig. 14), they were kept continually dusted until the middle 
of November, at which time very few beetles were to be found, and 
it was supposed that they were in their usual inactive state for the 
winter. For the first month the sulphur-arsenate of lead (10 per 
cent) mixture previously mentioned was applied, and after that the 
following dust mixture was used: 


Superfine sulphur (200 mesh) 
Calcium arsenate 


Pounds 


OW CLOT e Chis Tee ese AEB PA I 5 
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The powdered sugar was added in the hope that it might prove 
attractive as a bait, and the arsenical content was increased on the 
theory that it would be more effective than the 10 per cent mixture. 
The dust was applied in accordance with the florists’ program, i. e., 
after each syringing, or about two or three times weekly, so that from 
midsummer until November about 1,500 pounds of this material were 
used in keeping the foliage covered. During 1922 the insects failed 
to appear in appreciable numbers, and this infestation was found to 
be so very materially diminished that it became practically negligible. 
As a precautionary meas- 
ure, however, a dust coat- 
ing was maintained on the 
foliage from February 15 
until the plants were cut 
back or torn out in the 
summer. As was the case 
in the first two establish- 
ments, other control meas- 
ures were employed also, 
and reliance was not placed 
on dusting alone in com- 
bating the beetles. 

It was unfortunate that 
the effectiveness of dusts 
alone, uncomplicated by 
other simultaneous meth- 
ods of control, could not 
have been tested in a com- 
mercial range; but the fact 
that dusting with arsen- 
icals was the principal con- 
trol measure common to 
all three establishments, 
with the possible exception 
of a limited amount of 
hand picking, indicated 
that this treatment was an 
important factor in reduc- 
ing these infestations. The 
florists who used this dust 
Semerolgsatisiicd: withi the: ' “age ese By pina our jocks: after 
results obtained from an ; 
insecticidal view-point, and because of the fungicidal value of the 
sulphur in the mixture. 


FUMIGATION 


The use of one of the standard fumigants, such as hydrocyanic- 
avid gas and volatile nicotine, which are frequently employed in 
greenhouse fumigation (fig. 15), was given consideration early in 
this investigation. According to several florists the use of volatile 
nicotine painted on pipes was entirely ineffective against the beetles 
(25, p. 70), and subsequent experiments verified this conclusion. In 
the case of hydrocyanic-acid gas it was necessary to determine the 
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killing strength for the beetles and then to test the advisability of 
using such measures on young and tender growth. For this pur- 
pose preliminary experiments were carried out, in which from one- 
fourth ounce to 2 ounces of sodium cyanide per 1,000 cubic feet of 
space was used. The results demonstrated that the adults could be 
lniled by fumigation at night with a 114 to 2-ounce dosage of the 
sodium cyanide’ and an exposure lasting two hours. 


Fig. 15.—Greenhouse prepared for fumigation with hydrocyanic-acid gas 


After the first commercial test in which a killing dosage was 
used, an examination of the fumigated houses at 8.30 o’clock the 
next morning showed the following results: Large numbers of the 
beetles were found exposed on the surface of the foliage, lying on 
their backs and sides. Many were killed in the act of feeding, while 
others could be found lying on the surface of the soil and under- 


7A 1—114-3 formula was used, which required 114 fluid ounces of sulphuric acid (about 
1.84 sp. gr.), 3 fluid ounces of water, and 1 ounce of sodium cyanide (containing approxi- 
mately 51 per cent cyanogen) for each 1,000 cubic feet of space in the house. This was 
a slight divergence from the 1-114-2 formula, and it was adopted in order to insure a 
more complete generation and equal distribution of the gas by providing a sufficient 
amount of dilute acid to submerge the cyanide, particularly in cases where only small 
quantities of the chemicals were being used in each generator. The quantities of mate- 
rials used at the respective rates of 1144 and 2 ounces of sodium cyanide per 1,000 cubic 
feet were as follows: 


Sodium cyanide 114 ounces. 
Sulphuric acid -____ 2%, fluid ounces. 
PWeater 22 fis ie 2s ee Se Se a Se ee Se Ne 4% fluid ounces. 
Sodium cyanide 2 ounces. 
Sulphuric acid en eae. ae ee ene 3 fluid ounces. 
Water: sic 2 ii) See Se iS Re ET I a eee Ek 6 fluid ounces. 


Further directions for the use of this gas are contained in Farmers’ Bulletin 880, 
entitled “‘ Fumigation of Ornamental Greenhouse Plants with Hydrocyanic-Acid Gas,” 
ena ay be obtained by applying to the Office of Publications, U. S. Department of 

culture. 
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neath the plants. Because of the fact that the adults showed a 
marked tendency to feign death, 317 were collected and held in 
eages several days for further observations. Less than 3 per cent 
of these revived, and a total mortality of 97 per cent was therefore 
obtained from this fumigation. It is advisable to emphasize the 
fact that although fumigation at this strength and duration is con- 
trary to the general recommendations for fumigating greenhouses, 
it is an effective though very drastic means of checking the ravages 
of the beetles in severe infestations. Moreover, by destroying the 
females at this time further egg laying is precluded and subsequent 
infestation thereby reduced. 

As had been anticipated, some of the young and tender growth 
was burned, thus depriving the few remaining adults of their favorite 
feeding places. This injury, however, was only temporary, for three 
weeks later the plants had produced an abundance of newly forced 
growth, attributed to the stimulating effect which usually follows 
fumigation with hydrocyanic-acid gas, and were in excellent condi- 
tion. During the subsequent months these plants produced a bounti- 
ful crop of cut flowers in comparison with the very inferior produc- 
tion prior to the fumigation. 

In one establishment during the summer of 1921 approximately 
32,000 plants, including 1,000 newly set young plants in the resting 
or drying-off period, were fumigated at a dosage of 2 ounces of 
sodium cyanide per 1,000 cubic feet of space, with an exposure last- 
ing one and one-half to two hours, at temperatures ranging from 66 
to 88° F., and not one plant was lost or even retarded in general 
growth (31, p. 230). The anticipated burning on the tender growth 
proved to be a negligible factor, since it was removed by the severe 
pruning when the plants were cut back. The results of the experi- 
ments, together with similar ones carried on at Alexandria, Va., and 
Baltimore, Md., are given in detail in Table 14. As will be observed, 
several houses received three or four successive fumigations. More- 
over, these tests demonstrated on a practical scale that muslin cur- 
tains (fig. 16) could be used successfully to confine the gas in any 
section of an open-range house. 

During the last three seasons 21 commercial houses, involving 
many thousands of plants, have been fumigated with consistent re- 
sults, demonstrating the successful use of this gas on a practical and 
commercial scale for controlling the adult beetles. 

Since a series of three or more successive fumigations with hydro- 
cyanic-acid gas at night, at the rate of 114 or 2 ounces of sodium 
cyanide per 1,000 cubic feet of space, with an exposure lasting two 
hours, at intervals of three or four days during the drying-off period, 
and with the final fumigation the night before the plants are cut 
back, kills all adults above the ground without permanent injury to 
the plants, fits in with the cultural practice in the summer when the 
beetles are most numerous, and may be applied in individual sec- 
tions of open-range houses by separating them with muslin curtains, 
canvas, or oiled paper to confine the gas, it is without doubt one of 
the most effective and satisfactory means of destroying the beetles. 
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HAND PICKING 


- Many florists, failing to control the beetles with sprays, fumigants, 
or traditional “cures,” had recourse to hand picking as a last resort, 
thus assuring themselves of the positive removal from consideration 
of all beetles collected and killed. In some establishments the work- 
ers merely collected the beetles visible on the plants, sometimes using 
ordinary pans. Others devised more thorough methods, such as 
beating the plants with a stick in order to jar the beetles into a pan 
held between the crossrows. For this purpose they used a special 
pan about 3 feet deep, wide enough to span the bench, and which 
had the lower ends rounded to reach underneath the plants. Oil 
was kept in the bottom of the pans to kill the beetles coming in 


Fic. 16.—Muslin curtains used to separate sections of an open range of greenhouses 
during fumigation with hydrocyanic-acid gas i 


contact with it. Paddles covered with sticky fly paper served a 
similar purpose. 

These methods were very effective, particularly when the beetles 
were gathered on the “bleeding” ends of the cut-back plants (fig. 
11), where they were plainly visible. In one greenhouse where the 
plants had been cut back in April over 1,000 beetles were collected 
on 3,000 plants, even though they were not very numerous because 
the new brood had not yet begun to appear. 

In another place, where no other control measures were practiced, 
the workmen took advantage of the adults’ habit of climbing the 
wire supports after the plants had been syringed, by spending an 
hour after this operation each day in collecting and killing the 
beetles. Large numbers were thus disposed of. This method was 
followed diligently day after day throughout September and October 
of 1921, when many adults were present. Cleanliness was also prac- 
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ticed by keeping the beds free from dried leaves and applying no 
mulch. In the spring of 1922, despite a continued and careful 
search, only a few scattered beetles were found and the greenhouse 
was practically free from infestation. Undoubtedly the constant 
hand picking had resulted in a great decrease in the numbers of 
beetles of the overwintering brood. 

In one instance a modification of the hand-picking method was 
advised, which resulted in a greater efficiency because of the greatly 
reduced labor required. It is customary among rose growers to 
water the plants so heavily every three or four days that the water 
collects in puddles or pools on the surface of the bed, from which it 
gradually drains off. Where heavy infestations exist the beetles are 
dislodged and thrown to the ground during the syringing and water- 
ing, and on landing in the water they make vigorous efforts to reach 
the nearest plant or other object on which to make their escape. Va- 
rious growers took advantage of this habit by haying the gardeners 
follow the man who watered the plants to collect all floating or 
swimming beetles possible. In a very short time as many as 1,000 
beetles were gathered from three beds of roses. 

Although this method of warfare is crude and only partially effec- 
tive, it appealed to the florists, and for this reason efforts were di- 
rected toward improving the practice by “ filming” the surface of 
the flood water with a contact insecticide, such as kerosene nicotine 
oleate.® 

Spraying the insects on the plants with the same solution proved 
inefféctive, because of their hard wing covers and body. The success 
of this treatment therefore depended on the beetles swimming 
through the poison so that it came in direct contact with the softer 
body parts under the wing covers. Preliminary tests were made 
with one-half pint of kerosene nicotine oleate stock solution diluted 
with 4 gallons of water. This solution was applied over about 6 
square feet of surface by means of a sprinkling can, and the results 
were promising. Applied in this manner the insecticide was greatly 
diluted by filming and spreading over the water surface; neverthe- 
less its effect on the beetles was apparent almost immediately after 
they came in contact with it. 

Fourteen beetles were collected and held for observation. Seven of 
them had been subjected to this treatment, whereas the others had 
merely been washed from the plants by the force of the water. Two 
days later the treated specimens were dead and the “checks” were 
still alive. Three days after the preliminary test 7,000 plants in one 
large range were treated. Specimens of the treated beetles kept 


§ Kerosene nicotine oleate stock solution is prepared as follows and is a slight modifica- 
tion of William Moore’s original formula. 


Stock solution: 


Solution 1— 
IKELOSeN ETE ee BARRA UIRRS EAE RENE) Re ae In LLU SE eke SEN 8 parts or 1 gallon. 
QT OTe p ea cid ey ee eR ce a 0a RS go pai: Rae ae 1 part or 1 pint. 
Solution 2— 
Volatile TLC O ELITE SE ON AO ES SS PS EES SER 2 parts or 2 pints. 
ES Te = ee eR Le eH aa Le Se eee ee 8 parts or 1 gallon. 


Solution 1 is prepared by slowly pouring the oleic acid into the kerosene, stirring con- 
stantly. In another vessel solution 2 is made up by adding the volatile nicotine to the 
water. The stock solution is then prepared by stirring solution 1 into solution 2 and 
bringing the mixture to a creamy consistency by churning it rapidly for several minutes, 
pouring from one vessel to the other, or pumping the liquid back upon itself through a 
bucket pump. 
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under observation succumbed shortly thereafter, thus corroborating 
the earlier results. Other extensive tests were tried on a total of 
about 20,000 bushes with the same degree of effectiveness. 

This treatment therefore finds convenient application, especially 
when the new growth has started after the resting period, and in the 
fall when it would be inadvisable to employ other remedies, such as 
fumigation or spraying. Furthermore, every adult killed then would 
mean so many less the following spring. 


SCRAPING THE SOIL OF BEDS 


Tt is a cultural practice among rose growers to scrape off 1 or 2 
inches of the loose, dry surface soil from the beds during the drying- 
off period immediately after the plants have been cut back. The soil 
is then thoroughly soaked with water, bone meal is applied as a fer- 
tilizer, and a mixture of well-rotted manure and composted soil is 
used to replace the removed layer. Certain modifications of this 
method, such as making deep furrows between crossrows of plants 
and filling them with manure, are also used. 

Examination of the material removed from infested beds disclosed 
30 adults in the soil surrounding 6 plants, and in another place 14 
were found near 3 plants. Their prevalence at this time suggests a 
practical means of destroying many beetles by shaking the plants 
and by removing the soil from the house and treating it as soon as 
the plants have been cut back. Unless this is done at once, however, 
the beeties will severely injure the plants by devouring the buds ana 
girdling the stems. 

CLEAN CULTURE 


In a certain establishment already discussed under hand picking 
it was customary to keep the beds immaculately clean and to apply 
liquid manure instead of a mulch to the soil. At all times the beds 
were kept free from dead leaves and débris by the workmen, who 
removed them at frequent intervals and burned them. These beds 
had the appearance of having been swept with a broom. Undoubt- 
edly this practice contributed much toward reducing the infestation, 
not only by removing many beetles and preventing the remainder 
from hiding in the dead leaves over winter but also by decreasing 
proportionately the amount of egg deposition in the spring. More- 
over, it prevented many newly hatched larve from reaching the soil. 
From February until September the leaves should be removed every 
10 days in order to destroy the eggs in them. In heavy infestations 
it is desirable to fertilize the beds with liquid manure instead of 
mulching. 

SOIL TREATMENT 


Since the larva and pupa stages, requiring about six to eight weeks 
for their development, are spent in the soil, they appeared to furnish 
a period when the insects would be susceptible to control by means of 
soil treatments. During the first season efforts were therefore di- 
rected primarily toward finding some soil application, either an 
insecticide or a fertilizer, which would operate against these stages 
and hence prevent the emergence of the adults. With this object in 
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mind the following materials were tested during the season of 1920 
by E. L. Chambers: 

(1) Carbon disulphide: 5 to 25 cubie centimeters injected between bushes 
approximately 14 inches apart. 

(2) Carbon disulphide in solution: One-fourth to one-half ounce dissolved 
in 4 gallons of water applied to 24 square feet. 

(3) Sodium cyanide in solution: One-eighth to one-half ounce per gallon of 
water applied to 6 square feet. 

(4) Cyanamide: One-half pound to 2 pounds to 40 square feet. 

(5) Acid phosphate: 200 pounds to 1,200 square feet. 

(6) Wood ashes: 200 pounds to 1,200 square feet. 

(7) Tobacco dust: 200 pounds to 1,200 square feet. 

(8) Hydrated lime: 200 pounds to 1,200 square feet. 

These materials were applied over large areas, but no counts were 
made which would indicate accurately the mortality of the larve 
and pup resulting from their use. Although in some instances 
apparent diminution in number was noted, it could not be definitely 
associated with any particular treatments. 

During 1921 in wholesale rose houses at Doylestown, Pa., a solid 
bed containing approximately 800 plants, which had been growing 
there for eight years, afforded an excellent opportunity for further 
experimental work. These plants were very heavily infested, and in 
some cases had as many as 23 larve and pupe around the roots of a 
single plant. 

Preliminary tests with various chemicals were made with potted 
rose plants, in the soil of which a definite number of larve and 
pupz had been buried at their normal depth of 2 inches. The 
results are presented in Table 15. 

Thirty-nine experiments, based on the results obtained from. 
these preliminary tests, were then conducted in the infested beds on 
plots containing from 5 to 25 plants each. At approximately five- 
day intervals examinations of the treated and the check plants were 
made by digging them up and examining the roots and surrounding 
soil for the larve and pupe. Thus observations were made on the 
effectiveness of the materials used as well as on the minimum time 
required for them to exert their insecticidal action. 

The results of these experiments indicated that orthodichloro- 
benzene and kerosene nicotine oleate emulsion might prove satisfac- 
tory in practical tests. These materials were therefore applied in 
plots in the ground bed. Orthodichlorobenzene used in three plots 
at the respective rates of 1, 2, and 3 cubic centimeters per plant pro- 
duced mortalities of 36 per cent, 26 per cent, and 52 per cent, respec- 
tively. Injury to the plants, however, was so pronounced, even be- 
fore they were removed for examination, that the use of this chemi- 
cal is precluded. Five plots containing 45 plants were treated with 
kerosene nicotine oleate emulsion in varying dilutions. This mate- 
rial proved unsatisfactory and was removed from further considera- 
tion, because it left the soil in a greasy and objectionable condition. 
Mercuric chloride used at the rate of one-half ounce dissolved in 3 
gallons of water was tried in a pot experiment and on a plot of 15 
plants, where it proved entirely ineffective. The use of wood ashes 
and tobacco dust was tested further in plot experiments and is dis- 
cussed on page 43. 
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Taste 15.—EHffect against the strawberry rootworm of miscellaneous treatments 
on larve and pupe in soil of potted rose plants 


| 
Condition when examined 
Number Pe- : 
oh, riod Larvee Pups 
Material and amount per plant after Dp 
treat - 
men 
Lar- | Pu- : Miss-| Con- : Miss-| Con- 
ve | pe Dead | Alive ing | trol Dead | Alive ing | trol 
? Days 12 (Oe IER (Obs 
Borax, 1 gramin 14 pint water!__| 20 0 5 1 7 il 5 0 1 0 0 
Borax, 2 grams in 44 pint water?-| 20 ) 5 0 3 17 0 () (0) 0 0 
Orthodichlorobenzene, 3 c.c.3._.--| 20] 10 5} 20 0 0; 100; 10 0 0} 100 
Mercurie chloride (1-800), 14 pint ? 40 5 3 0 17 23 0 0 |) > & 0 
Wood ashes, soil covered 44 inch 
Gash? 7. 25 ee as ee Tae 10 0 9 0 3 5 Oilinne 2 0 0 
ID ey ee eee ee 10 10 6 0 8 2 0 2 7 1 20 
Tobacco dust, soil covered 14 inch 
G30 ie. Ee | eee a: eee eae 10 10 6 0 3 7 0 0 il 9 0 
Lye teodiuz hydroxide), 1 tea- 
spoonful in 4 pint water 5_____- 10> 0 5 3 6 1 30 0 0 0 0 
Lye (Sodium hydroxide), 1 tea- 
spoonful dry and then watered‘.| 10 0 5 5 5 0 50 0 0 0 0 
Nicotine sulphate, 2 drops in 225 
Pac ALOR sens 2 oS oo 10 0 5 0 1 9 0 0 0 0 0 
Kerosene nicotine oleate, 8 c. c. in 
ZG ea water 6... ..---.-_ =~ 20 10 5 12 0 8 60 5. 0 5 50 
Kerosene nicotine oleate, 16 c. c. 
ieee waters... 2s. 20 10 5 18 0 2 90 9 0 1 90 
Checks!(no treatment)____-------- 20 10 5 0 9 i 0 1 0 9 10 
LiL es ee eee 20 7 5 0 il 19 0 0 0 7 0 
Dith. [25h ee es eee 43 5 5 0 4 39 0 0 0 5 0 
ID YD) pte Bae el ee 9 4 5 0 6 3 0 0 2 2 0 
1 One larva pupated. 3 Effective. 5 Slightly effective. 
2 Ineffective. 4 Two larvee pupated. 6 Fairly effective. 


TABLE 16.—Hffects of paradichlorobenzene soil treatments on larve and pupe of 
the strawberry rootworm buried in pots 


Condition when examined 
Amount Number of— Lene 5 = * 
of treats Larvee Pup 
material | tert 

Larve | Pups Dead | Alive |Missing|Control| Dead | Alive |Missing|Control 
Grams Days Per cent Per cent 
Ses ee 25 10 6 24 0 1 96 10 0 0 100 
Ce a 25 10 6 25 0 0 100 10 0 0 100 
y HEE SA te 10 0 5 5 0 5 50 0 0 0 0 
/ Se 20 0 6 17 0 3 85 0 0 0 0 
he ee 10 4 5 6 0 4 60 4 0 0 100 


The results obtained with paradichlorobenzene in preliminary tests 
were so satisfactory (see Table 16) that this material was used in 15 
plots in an infested bed. In 10 of these the larvee and pup were 
counted and their condition was noted in order to determine the in- 
secticidal effect of this chemical. These data are presented in 
Table 17. 
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TABLE 17.—Results of plot experiments with paradichlorobenzene against larve 
and pupe of the strawberry rootworm 


paar! et Mabey of 
Vv 

Period) Num- eae Aver- Period) Num- ne ng Aver- 

Dos- | after | ber Con- age Dos- | after | ber Con- | age 

age teat 2 ra trol cons age eal 2 ie ae MECLOl Coe 

ment | plants|..m- 5x0) ment | plants|; 54m. TO. 
aed Dead Gl Dead 
Per Per Per Per 

Ounce| Days cent cent Ounce | Days cent | cent 
OLae 6 2 10 6 | 60.0 \ 45.9 0.4___. 6 2 15 9! 60.0 
OE se 10 3 27 11 40.7 x 0.4... 7 7 35 32 1.4 88.8 
025522 5 5 69 53 | 76.8 (eta 9 i 20 20 | 100.0 
OPH 10 5 27 24 | 88.9 80.5 || 0.4___- 10 3 19 18 | 94.7 
0.25___ 14 5 22 18 81.8 Ones 5 3 19 16} 84.2 
Osi 6 2 20 5 | 25.0 Opps 6 2 15 8) 53.3 79.2 
(Osh 7 a 24 22u Oleg 76.3 Os 10 6 31 25 | 80.6 : 
jaa 9 7 25 23 | 92.0 ; (aes 13 4 12 12 | 100.0 
Oa 10 3 28 24 | 85.7 Ooze 6 2 10 8] 80.0 \ 92.9 
0.375__ 5 5 32 PAB Ne Che I OLG 2s: 10 3 18 18 | 100.0 ; 
0.375__ 10 5 39 35 | 89.7 85. 2 
0.375_- 13 5 10 9| 90.0 


To determine plant tolerance of paradichlorobenzene it was also 
applied to plants in five plots which were receiving the regular cul- 
tural treatment accorded roses. The crystals were placed around the 
base of the plant and covered with soil. At the end of 10 days to two 
weeks they were removed from some plants but were left around 
the others until vaporized. The results were not satisfactory in 
either case. Even in the cases where the crystals had been removed 
and the lowest strength—one-fourth ounce per plant—was used, the 
bushes gradually declined in vigor and eventually died. 


SODIUM CYANIDE 


Sodium cyanide in solution was tried during the season of 1920, 
but sufficient data on the mortality of the larve and pup were not 
obtained at that time. Pronounced stimulation of root growth, with 
a corresponding increase in terminal growth, had been observed 
repeatedly to result from light dosages of this material. This treat- 
ment would therefore be desirable because of its stimulating effect 
on the plants, provided it was also effective in killing the soil stages 
of this insect. 


TasLe 18.—Hffects of sodium cyanide in solution on larve and pupe of the 
strawberry rootworm in pot experiments 


Condition 5 days after treatment 


Amount of sodium | Number of— 
cyanide in one- Larve Pups 
half pint water 


Larve | Pupz | Dead | Alive |Missing|/Control] Dead | Alive |Missing)/Control 


Grams Per cent Per cent 
OAb eke Cen 20 10 17 0 3 8 0 2 80 
O:SO Sere ieee es 20 10 ile 0 3 85 6 0 4 €0 
ESB ees Se Se 20 10 18 0 2 90 10 0 0 100 
SS dee oe pt eal 20 10 20 0 0 100 9 1 0 90 
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As shown in Table 18, the mortality in the preliminary pot ex- 
periments was promising, hence nine plots of five or six plants each 
were treated with sodium cyanide in solution. Sodium cyanide was 
also pulverized and then spread around the base of every plant in 
three plots of five plants each. The mortalities resulting from these 
plot treatments are listed in Table 19. 


TABLE 19.—Resulis obtained in plot experiments with sodium cyanide, in solu- 
tion and pulverized, against larve and pupe of the strawberry rootworm 


| 
Suara bes of lar- Number of lar- 
Eevad Num- | V2 224 pupee Period Nae "2 and pups 
Dosage _ | ber of |~——_,_______| Control || Dosage HOG Of pues Ge CORTTOL 
pee plants 7 treats plants a 
men xam- men xam- 
inea | Dead ined | Dead 
| 
Days Per cent 
7 57 4 6 3 18 9 50. 0 
4 11 1 2 2 24 21 87.5 
4 28 4 6 3 20 13 65. 0 
4 15 3 2 2 25 24 96.0 
3 17 1 6 3 21 11 52. 4 
4 35 4 8 5 16 4 25. 0 
7 57 a 8 5 37 26 70.3 
2 19 3 8 5 21 20 95. 2 


1 Applied in pulverized form. 


In these experiments the mortality of larve and pupe in soil 
which had been drenched with sodium cyanide was insufficient to 
justify its use as a means of destroying the soil stages. Moreover, 
the practical use of the pulverized crystals would be precluded 
because the collars of the plants were severely injured by this treat- 
ment. 


WOOD ASHES AND TOBACCO DUST . 


Because of their fertilizing value, wood ashes and tobacco dust, 
but especially the wood ashes, are used extensively by florists. It 
was thought that the free lye present in wood ashes, and the nico- 
tine, which is an ingredient of the tobacco dust, might leach into the 
soil and be effective in killing the larve and pupx. To determine 
its effectiveness in three plots containing 10 plants each, a handful 
of this mixture was applied around the base of each plant and then 
watered. Examinations of the larve and pupe in soil around the 
plants were made seven or eight days later, and the results are given 
in Table 20. 


Tare 20.—Dffects on strawberry rootworm larve and pupe in soil treated with 
tobacco dust and wood ashes 


| Number of Number of 
| Period larve pups Larva 
P » | after ae and 
Material treat- | ; Control i Control pupw, 
ment ?xam- i xam- contro. 
ined Dead {nad Dead | 
Days Per cent Per cent| Per cent 
MMOD (SIBLE! 5223652 ids ovis I 25 - 7 44 4 9.1 41 9 22.0 | 15.3 
CES i es ee ae 8 36 2 5.5 33 ea age) AP 13.0 
Tobacco dust and wood ashes | 
L105 RR ee ae i Sea ES, So ben 7 17 2 11.8 18 PAN] ttal ik 11.4 
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The foregoing figures were based on only one treatment, whereas 
the maximum insecticidal effect could be obtained only by continu- 
ous leaching of these materials over an extended period, which 
would necessitate several successive applications. 

In an establishment containing 40,000 rose plants two carloads of 
each of these materials were used during the spring of 1922. The 
mixture was applied on the soil several times at intervals of about 
two weeks. Occasional soil examinations during the season dis- 
closed very few larve and pup. The balls of soil around the roots 
of 293 plants were examined and the larval and pupal stages infest- 
ing 19 of them were counted. Nine larve, ten pupz, and one newly 
emerged adult were found, and all were alive. Several other con- 
trol measures were also being practiced, however, and it is therefore 
a matter of conjecture whether the lightness of this infestation can 
be credited entirely to the use of the wood ashes and tobacco dust 
treatment. 

Other experiments were performed to determine the effect on 
newly hatched larve of tobacco dust containing not less than one- 
half of 1 per cent of nicotine. A layer of this dust one-fourth inch 
deep was spread over the entire surface of the soil in flowerpots 
every two weeks. In some cases this treatment was followed by 
_ watering. All larve which were removed from egg cages immedi- 
ately after hatching and placed on the treated surfaces died in a 
short time, whereas larve placed in a vial on untreated soil imme- 
diately showed greater activity by boring down below the surface 
in a lively manner. 

These experiments indicate that a layer of tobacco dust on the soil 
from March to September, and the subsequent leaching of this mate- 
rial when larve are hatching and dropping to the ground, aids in 
the control,of an infestation. 

Since the rose plant can not tolerate heavy applications of wood 
ashes, it was found sufficient to use a handful per plant every two 
or three weeks. 


PREVENTIVE MEASURES 


Several preventive measures may be practiced to keep rose houses 
free from infestation with the strawberry rootworm. The fact has 
been established that some houses have become infested with the 
larvee and pupe of this insect by filling the beds with soil in which. 
strawberry plants have been growing. In order to destroy these 
stages the soil should either be composted for several months or be 
sterilized before it is used. It is desirable to avoid using soil in 
which strawberry plants have recently been grown. Propagate 
young plants in separate houses free from the insects, and under no 
conditions expose them to contamination by proximity to infested 
beds or houses. In purchasing plants be certain that they are free 
from all stages of this pest, and that all precautions have been taken 
by the propagator to protect them. Keep the greenhouse free from 
rubbish and burn all dead leaves and débris removed from the beds, 
as well as the tops of the bushes which are removed when cut back. 
The importance of such precautionary measures is too frequently 
underestimated, and due consideration must be accorded them for 
preventing insects from gaining a foothold in greenhouses. 
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Observations have shown that plants retained in beds for three 
years or longer are usually the more heavily infested. By removing 
the plants and soil at the end of three years at the latest, the chances 
of severe infestation are very much reduced. A rotation should be 
planned and followed whereby the plants in no section will remain 
in the beds longer than three years. For example: If a range of sev- 
eral houses is divided into three separate sections—A, B, and C—all 
of the plants in section A should be completely torn out and re- 
planted the first season, all those in section B the next season, and 
those in section C the third season. In this way the 3-year-old plants 
in section A would be replaced the fourth season, and so on. Several 
florists are now of the opinion that forcing their plants as much as 
possible for three years, instead of retaining them for a longer 
period, increases their production and more than compensates for 
any extra expense due to the more frequent replanting. 


SUMMARY 


Within the last seven years two varieties of the strawberry root- 
worm, Paria canella—quadrinotata and gilvipes—have appeared in 
greenhouses in the commercial rose-growing districts east of the 
Rocky Mountains and have done great injury to the rose plants. 
Although normally an outdoor pest on strawberry, raspberry, and a 
number of miscellaneous plants, this insect has become one of the 
serious enemies of roses grown under glass. 

The plants are injured by the larve and adults. The larve feed 
on the roots and the adults eat foliage, stems, buds, and flowers. 

The overwintering adults appear in February and lay eggs during 
a period of two or three months. The larve from these eggs feed on 
the roots for a period of from 33 to 74 days, after which they trans- 
form to pupz. The adult beetles emerge from 8 to 17 days later. 
Because of the long period of egg-laying, the emergence of the adults 
during June and July is almost continuous. From the eggs which 
are laid by these beetles a second brood of adults develops and 
emerges during September and October. The two generations over- 
lap to such an extent that oftentimes no distinctions can be noted. 

Natural enemies of the strawberry leaf beetle are apparently few 
in the greenhouse, as no parasites have been observed attacking any 
of the stages. Among the predators may be mentioned carabid 
beetles, spiders, and toads. Uropod mites frequently attach them- 
selves to adults. 

Early experiments established the fact that the usual measures 
recommended for leaf-eating insects were practially useless in con- 
trolling the strawberry rootworm. Spraying with the arsenicals 
did not prove practical under ordinary conditions, but was found to 
be successful in protecting the swelling and breaking buds at 
the time the plants were cut back. Under similar conditions a 
Bordeaux-arsenate of lead mixture served as a repellent. In exten- 
sive trials the use of a 10 or 15 per cent dry mixture of arsenate of 
lead or calcium arsenate and superfine sulphur showed that dusting 
with these materials was a satisfactory and effective method of keep- 
ing the foliage coated with an arsenical to repel the beetles. Experi- 
ments with Paris green gave unsatisfactory results. In 21 commer- 
cial houses fumigation with hydrocyanic-acid gas during the resting 


46 BULLETIN 1357, U. S. DEPARTMENT OF AGRICULTURE 


period of the plants consistently produced an average mortality of at 
least 95 per cent of all beetles above ground. Fumigation with 
vaporized nicotine did not kill the adults. 

The effectiveness of hand picking the beetles, as practiced by many 
florists, may be counteracted by the overlapping of generations of 
this insect. It is therefore evident that to be successful hand picking 
must be done very thoroughly and persistently. 

A modification of hand picking, wherein kerosene nicotine oleate 
was used to film the surface of the pools and puddles in heavily 
watered beds, killed any beetles which came in contact with the in- 
secticide while struggling in the water. 

Cleanliness was practiced persistently in one greenhouse and was 
of material assistance in reducing a heavy infestation. Immediately 
after cutting back the plants many adults in the soil and débris 
were destroyed by scraping and removing a layer of surface soil to 
a depth of about 2 inches, and then treating it to kill them. 

Treatments of the soil with the following insecticides either failed 
to kill the larve and pupz or were detrimental to the plants: 


Acid phosphate. i Lye (sodium hydroxide). 
Borax. Nicotine sulphate solution. 
Carbon disulphide. Orthodichlorobenzene. 
Hydrated lime. Paradichlorobenzene. 
-Kerosene nicotine oleate. Sodium cyanide solution. 


Contact with tobacco dust, which was placed on the soil surface, 
killed newly hatched larve, and the leaching of tobacco dust and 
wood ashes also killed some larve and pups in the soil. 


RECOMMENDATIONS FOR CONTROL 


A successful control program entails a combination of several 
measures, since no single practice will suffice. In order to be effective 
such measures must be persistently followed and applied in such a 
manner that they will not conflict with the normal cultural program 
and conditions under which roses are grown. 

During the summer months the protection of the plants from im- 
mediate as well as future injury is the paramount consideration. 
This may be accomplished by fumigating with hydrocyanic-acid gas 
during the drying-off period to kill as many adults as possible, and 
by scraping the surface soil from the beds when the plants are cut 
back, and then spraying them with lead arsenate or calcium arsenate, 
using 4 pounds to 50 gallons of water, to protect the swelling buds 
from the further depredations of the beetles. 

From September to December eradication of the beetles should 
be the florists’ aim, because they are still emerging and continue to 
feed voraciously for some time. Every effort should therefore 
be directed toward ridding the houses of as many of the over- 
wintering beetles as possible in order to prevent a recurrence of an 
infestation the following spring. During this period dusting must 
be very thorough and continuous, in order that the foliage may be 
kept coated with the poison. Hydrocyanic-acid gas, however, can 
not be used at this time at a killing strength without causing severe 
injury to the plants. Two or more treatments by filming the sur- 
face water of the bed with kerosene nicotine oleate may then be most 
effectively used to kill many adults. Beginning about the middle of 
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February the plants must be kept coated with an arsenical dust to 
poison any beetles which may come out of hiding and resume feed- 
ing. The soil in the beds should be kept covered with a layer of 
tobacco dust until drying-off time, with additional applications of 
wood ashes at monthly intervals. The tobacco dust will kill any 
newly hatched larve which come in contact with it while crawling 
on or entering the soil, and the mixture of wood ashes and tobacco 
dust will operate to some extent against the larve and pupz in the 
soil. To prevent the larve from entering the soil at an unprotected 
spot, it is important that the tobacco dust be spread over the entire 
surface of the soil in the bed. 

Plants and soil should not be retained in the greenhouses longer 
than three years if the establishment of an infestation is to be pre- 
vented. In addition cleanliness, involving the removal of dead 
leaves and trash, must be practiced incessantly. Soil which is used 
in the beds should either be composted for several months or steri- 
lized before being brought into the houses. 
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GENERAL DESCRIPTION 


The five species of shorebirds of which the economic status is dis- 
cussed in the following pages are forms that have become specialized 
for life under cevtain conditions, and on the whole are not of common 
occurence, save in the particular marshes or on the large bodies of 
fresh or salt water which form their haunts. They are thus unknown 
to many pevsons familiar with bird life in more thickly populated 
districts. All are at present fully protected by law and because of 
their commendable food habits thee can be no question of the in- 
advisability of any attempt to establish an open season for any of 
them. The phala~opes—small, close-feathered, snipelike birds that 
swim on the water ae tiny ducks—are too shght in body to be killed 
for their flesh: avocets and stilts, though larger, do not produce meat 
of a quality suitable for table use. All these birds are tame and 
fearless, so that the e is little spovt in hunting them. In addition to 
possessing habits of the’greatest intevest, it is found that the phal- 
aropes , avocets, and stilts have a certain economic importance. 

The family of phalaropes includes three species, all of which occur 
within the United States. The northern and red _phalaropes are 
practically world-wide in their distribution, but the Wilson phalarope 
is restricted to the Western Hemisphere. The two cosmopolitan 
species are boreal in occurrence during the breeding season and do 
not often come in close contact with man, except in migration. The 
northern phalarope, a species that in point of size ranks among our 


1 This bulletin presents a detailed study of the food and feeding habits of the phalaropes, avocets, and 
stilts that occur in the United States, showing the economie status of the five species, for the information 
of conservationists, sportsmen, and others interested in our shorebirds. 

4 This report was prepared while the author was on the staff of the Bivlogical Survey from which he 
resigned on November 19, 1924. 
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smallest shorebirds, is of importance économically in that it destroys 
many of the larval forms of mosquitoes, thus aiding in keeping these 
pests in check. The red phalarope within our limits is most abundant 
on the oceans off our shores and so does not often come in direct 
contact with injurious insects. ‘The Wilson phalarope is the one 
most frequently found near cultivated districts and is perhaps better 
known than the other two. It does considerable Sood in destroying 
mosquitoes and also consumes many of the larve of horseflies. 
Adult horseflies are often the greatest of pests in districts adjoiming 
marshes. No injurious traits are eeonlel against any of the three 
phalaropes; their food, save as indicated, consists of insects, crus- 
taceans, or other animals which are of neutral economic significance. 

The stilt may be commended for its evident taste for pilibaee and 
other weevils, as well as crawfish and giant water bugs, all of which 
are destructive. Though it may eat a few small fishes, the forms 
taken are not of value for human food. , The avocet shares with the 
stilt a taste for weevils, including forms that are injurious. It takes 
much more vegetable food than any of the other birds treated in this 
bulletin. Like the phalaropes, the stilt and the avocet have no 
marked injurious traits. 

Because of their specialized habits, the Wilson phalarope, the 
avocet, and the stilt have suffered a considerable reduction in num- 
bers from man’s encroachment upon their haunts. The draining of 
swamps and marshes has decreased the areas available to them as 
breeding and feeding rounds, and many have been destroyed by 
gunners. With the well-merited protection accorded them at present, 
these birds may be expected to hold their own or even to increase 
wherever they meet especially favorable conditions; it is even possible 
that they may repopulate some of the areas from which they have 
been ahsent for many years. 


RED PHALAROPE 
Phalaropus fulicarius 


The red phalarope, circumpolar in distribution during the summer 
season, in the Western Hemisphere breeds from northern Alaska and 
northern Ellesmere Land south to the mouth of the Yukon and 
southern Greenland. The winter range can not be traced with any 
degree of certainty, but at this season the birds are known to pass 
south well over the southern half of the globe. Except during the 
breeding season, the red phalarope is maritime in range, though strag- 
glers are taken casually in the interior. The writer has examined in 
the flesh one collected in eastern Kansas, and others are recorded from 
Colorado, Illinois, and Maryland. 

During migration, flocks of red phalaropes occasionally cometo 
brackish lagoons or fresh-water ponds near the seashore, or run along 
sand beaches in company with other shorebirds. More usual haunts 
are broad salt-water bays or the open ocean, so that the present 
species 1s less commonly observed than the other phalaropes. Ocean 
expanses have no terrors for the red phalarope, and at times flocks 
are found several hundred miles from shore. if the breeding plumage 
the red phalarope is handsomely marked with dull cinnamon-brown 
beneath, whereas in winter the plumage of the lower parts is pure 
white. In the latter condition care must be taken not to confuse it 
with the northern phalarope. 
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FOOD 


_ The material at hand representing the food of the red phalarope, 
36 stomachs in all, is in the main from the Pribilof Islands, Alaska, 
though some comes from New York and Maine. The stomachs 
available were collected from May to November, with August best 
represented. The red phalarope is active in feeding, seizing living 

rey on the surface of the water, or searching for food along the 

eaches. The food may be considered to be entirely animal, as a 
seed or two encountered in two stomachs make a mere trace of 
vegetable matter. 

Crustacea.—Crustaceans, the group best represented among the 
animals eaten, constitute 33.5 per cent of the total food. Among 
these, amphipods (8.9 per cent) were identified in 14 stomachs. In 
one case the remains were those of Carinogammarus mucronatus and 
in another Hyallela knickerbockeri. The peculiar seedlike winter eggs 
of certain water-fleas (Daphniide) were encountered three times. 
Miscellaneous unidentified crustaceans composed the remainder of 
this part of the food. It is probable that the bulk of these fragment- 
ary individuals consisted of amphipods also. 

Coleoptera.—Beetles amount to 27.3 per cent and are well repre- 
sented in birds taken in Alaska. Ground beetles belonging to a genus 
that is very common in the Pribilof Islands (Pterostichus), were taken 
six times. A representative of another genus (Amara) was encoun- 
tered once. Rove beetles (in one instance Olophrum fuscum and in 
another Hadrotes) were found four times in al A peculiar beetle 
(Eurystethus californicus) of small size, and for many years known in 
museums from only one or two specimens, was found in two instances. 
Weevils were encountered twice, crawling water-beetles (Haliplide) 
once, and the larval stage of another beetle once. 

Diptera.—Following beetles, the flies (22.7 per cent), are the order 
of insects eaten most frequently. A group of dung flies (including 
Scatophaga crinita, S. dasythriz, and allied species) abundant in the 
N orth was best represented, as it was encountered in 14 stomachs. 
Gnats (Chironomid) were identified twice and their larve once. A 
larval soldier fly (stratiomyid) was eaten by one bird and a crane fly 
(tipulid) by another. Larve and pupe of dipterans that were not 
identified were found in eight instances. 

Pisces.—Tiny fishes had been eaten by 15 of the birds examined. 
In one case the fragments remaining were indeterminate, but in the 
others all fish remains were sculpins (Cottidze), species of no economic 
value. These totaled 6.8 per cent, and were eaten in August and 
September. 

@- Miscellancous.—The remaining part of the food (9.7 per cent) was 
composed of miscellaneous animals picked up apparently at random, 
Ants, water-boatmen (Corixide), and spiders, were each taken by one 
bird. One phalarope had eaten a very small mussel ( Mytilus edulis) 
and a second mollusk was found in another. The former, although 
used as human food, is so small an item in the diet of this bird as to 
have noimportance. A tiny ball of hair completed the miscellaneous 
animal matter. 

SUMMARY 

The red phalarope exhibits no marked economic tendencies, as its 
food is composed of forms that are more or less neutral, The ground 
beetles taken are in all probability scavengers and are not active in 
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the control of injurious insects. The flies are not known to be of 
economic importance. and the crustaceans have value merely as. 
food for other animals. From this review it may be seen that the 
red phalarope is entirely harmless and should be protected when it 
chances to occur within our boundaries. 


NORTHERN PHALAROPE 
Lobipes lobatus 


Like the preceding species, the northern phalarope (PI. I) nests in 
the Northern Hemisphere in both Old and New Worlds. In North 
America the breeding range extends from the Near Islands in the 
Aleutian Chain across to eastern Greenland, and from Melville Island 
south to the delta of the Yukon and to Rupert House, Ontario. The 
place and extent of the winter home of the northern phalarope at 

resent is uncertain, though it is supposed that at this season the 
cas remain at sea in the Southern Hemisphere. They have been 
noted casually on the coasts of Patagonia and Peru, but on the whole 
are unknown after they leave our shores. In migration they occur 
casually throughout our country save in the States bordering the 
Gulf of Mexico, but are more abundant near the eastern and western 
coasts, and great numbers pass through the interior by way of Great 
Salt Lake, Utah. 

In migration these phalaropes often gather in great flocks where 
food is abundant. On reaching their breeding grounds in the north, 
they pair off to nest in marshy spots or near small fresh-water lakes 
in the tundras. On Kiska Island in the Aleutians in June, the writer 
found them breeding about innumerable shallow lakes in the small 
valleys that lead back from the beaches of the deeper bays. The 
eggs, four in number, were placed in shallow nests concealed in grass 
8 or 10 inches high. Adults were greatly excited by intruders and 
flew swiftly about calling sharply. Many fed in the surf, often riding 
the waves until these were about to break, when to avoid being dashed 
on the sand they rose lightly in the air and flew out a few feet to a 
point of safety. Both sexes go through curious gyrations on the 
water surface, whirling rapidly about and nodding the head. 

Domestic cares after the eggs have been deposited devolve entirely 
upon the willing males, and many of the females depart southward 
at once, to be followed by males and young when the latter are able 
to fly. The northward migration in Utah does not end until the 
middle of June, and by the first week in July females begin to return 
from the north. The southward movement continues from July 
through the month of October. 

Northern phalaropes swim as readily as ducks and secure much of 
their food from the water. Little flocks alight on the surface, and 
the individuals, separating 12 or 15 feet from one another, begin to 
quarter back and forth in search of food. They swim rapidly with 
quickly nodding heads, jabbing constantly at any morsels that appear 
within reach. When thus occupied the course pursued by individual 
birds is most erratic, as they turn constantly from side to side or 
whirl quickly about as food appears within reach behind them or at 
one side. Occasionally they run about on mud bars or beaches like 
other sandpipers, or when filled to repletion gather in the shallows, 
eae they bathe or stand about resting, caring for their feathers, or 
sleeping. 


Bul, 1359, U. S. Dept. of Agriculture PLATE | 


E.L POOLE 
“BA. 


B2530M 
NORTHERN PHALAROPE 


Lobipes lobatus 


FOOD OF AMERICAN PHALAROPES, AVOCETS, AND STILTS 5 


One hundred and fifty-five stomachs examined in determining the 
economic status of the northern phalarope are representative of the 
food of this bird, save when it is absent from the United States in 
winter. The material available is distributed rather evenly throughout 
the months from May to October, inclusive. That representing the 
‘ood during the breeding season comes from Alaska, but the remainder 
was taken through the Northern States and California. Animal food 
forms 97.2 per cent, and seeds and some miscellaneous vegetable mat- 
ter make up the remainder (2.8 per cent). 


ANIMAL FOOD 


Crustacea.—In the series of stomachs examined crustaceans come 
to 9.3 per cent, and are represented in every month. LHighteen birds 
taken in September had eaten these animals to the extent of one-fourth 
_. their food, but at other seasons the number taken is less. When 
phalaropes are feeding at sea, no doubt crustaceans are eaten in much 
greater quantity than here indicated. Amphipods, fragments of 
which were found in 10 stomachs, form an vee obtained food, espe- 
cially in northern waters. The curious winter eggs of another group 
of crustaceans (Daphniide) were found in two individuals. ‘These 
eggs resemble a small seed pod with two black spots on either side. 
They must be present in huadenige in some Alaskan localities, as 
they are eaten frequently by small shorebirds. 

Brine shrimps (Artemia fertilis) were identified in eight birds taken 
on Great Salt Lake, Utah. These curious animals, less than an inch 
1 length, abound in the concentrated brine of lakes in the Great 
Basin, being one of the few creatures that have become adapted to 
water so strongly saline. In Great Salt Lake these shrimps swarm 
in the shallow bays. The bodies of brine shrimps are soft and friable 
with no hard parts to resist digestion. Their detection in stomach 
examination is difficult, as the diffuse eye-spots or eggs in the case of 
“ceeding females, are the only characters that may be recognized. 
In the field it was observed that northern phalaropes were feeding 
extensively upon brine shrimps, and stomachs of those killed bear 
out this observation. It is certain that these crustaceans are an at- 
tractive food and that large numbers are eaten. Other crustaceans 
than those previously mentioned, in two instances isopods (Cymo- 
thoidea), were found in four other stomachs. 

Hemiptera.—True bugs are an important source of food, amounting 
to 31.8 per cent of the whole. The bulk of them are the widely dis- 
tributed water-boatmen (Corixidz), eaten by 42 birds. Back-swim- 
mers (Notonectidze) were eaten by 5 birds, and miscellaneous forms, 
mainly unidentified, by 12. The favored species in this order of 
insects are those of aquatic habit. 

Coleoptera.—Beetles were found abundantly in the examination of 
these stomachs and totaled 16.5 per cent of the food. Species that 
live in the water or are found on muddy shores are well represented. 
Ground beetles (Carabid) were found 12 times. Crawling water- 
beetles (Haliplidz), small species occurring in submerged vegetation, 
were taken 10 times. Four species were definitely identified. The 
predacious diving beetles (Dytiscidx) seem to be especially favored, 
adult forms being found in 20 stomachs and larval in 14. Water- 
scavenger beetles (Hydrophilidx) were found in 19 stomachs and 
their larvee in 6. Unidentified aquatic beetles occurred 14 times. 
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Weevils also were well represented, occurring in 24 stomachs. Mis- 
cellaneous beetles of other groups were represented by casual indi- 
viduals in a number of stomachs. The identified material is listed 
in Table 1. 

Diptera.—Flies made up the greatest part of the food of the north- 
ern phalarope—32.8 per cent of the whole. The most important 
element in this division is the larve of mosquitoes, which alone 
amount to 6.3 per cent of the entire food. Remains of these larve, 
identified usually by their breathing tubes, were found in 29 stomachs, 
all but one collected in May and June. The strange, long-legged 
crane flies were taken twice, while their larve, aquatic in habit, were 
found 13 times. Gnats (Chironomidz) were abundantly represented. 
Larve were identified in 22 stomachs, pups in 17, and adults in 16. | 
The immature stages are found in water, in which they swarm in 
many localities. 

In the salt lakes of the Great Basin region larve, pupe, and adults 
of the alkali flies (Kphydride) furnish an abundant food. On Great 
Salt Lake northern phalaropes divide their attention between brine 
shrimps and the young stages of the alkali flies. Larve and pupz 
of the latter abound in the shallows and form a rich supply of food. 
Adult individuals of Ephydra, found 14 times, are secured as they 
rest on the surface film of the water or congregate on muddy shores. 
Larve and pup were identified 24 times. So abundant are these 
alkali flies that cast skins of the pups drift ashore to form brown 
windrows, which often extend for miles along the beaches. For- 
merly the Indians utilized this food supply by gathering the pupz 
and preserving them for winter use. 

Mollusca.—Small mollusks amounted to 2.7 per cent of the food 
of the northern phalarope for the period under consideration. All of 
those identified were snails (Physa gyrina one and Planorbis trivolvis 
eight) or other gastropods. 

Miscellaneous.—Dragonfly nymphs (amounting to 0.2 per cent of 
the total) were eaten by three Birds. Arachnida, another minor 
item in the food, came to 0.1 per cent. Spiders were identified four 
times, water-mites (Hydrachnidz) twice, and another mite once. 
Other miscellaneous animal food, a grouping including a variety of 
forms not found abundantly enough to merit separate tabulation, 
amounted: to 3.8 per cent. In these the larve of Mayflies were 
encountered four times and a grasshopper once. A marine worm 
of an abundant genus (Nereis) and neuropterans were found in the 
stomachs of two birds each. Fragments of moths in two cases, and 
skins of caterpillars in two, represented the Lepidoptera; and several 
small species, the Hymenoptera. These latter include ants and a 
few parasitic forms, which, from the fact that they must have been 
picked up by chance, have no particular economic significance. ‘The 
class of vertebrates was represented by bones of a tiny fish. 


VEGETABLE FOOD 


The vegetable diet of the northern phalarope was made up of seeds, 
and, though amounting to only 2.8 per cent of the entire food, was 
taken regularly. In all, vegetable matter was identified in 38 
stomachs. Among the more important plants represented may be 
mentioned widgeon grass (Ruppia), eaten 10 times; sago pondweed 
(Potamogeton pectinatus), 3; bulrush (Scirpus), 11; and salt grass 
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(Distichlis spicata), 3 times. These seeds are in the main fairly firm 
and hard, and this, with the small number taken, suggests that they 
- were swallowed in part in lieu of gravel. Gravel is a fairly common 
element in these stomachs but may at times be difficult to obtain. 


SUMMARY 


The northern phalarope is among the smallest of our shorebirds. 
Although better known than the preceding species its ways do not 
bring it directly in contact with man. The bulk of its food is com- 
posed of animal matter. A large part is of shght economic import- 
ance, as the forms taken are of no significance in relation to crops or 
other products save as they may perchance furnish food for other 
organisms. Attention must be called however to the large number of 
mosquito larve consumed by the birds in May and June. In help- 
ing to check these pests, the northern phalarope demonstrates its 
value, and for this reason is worthy of every consideration. 


TABLE 1.— Material identified in the food of the northern phalarope as determined 
from the examination of 155 stomachs, and the number of stomachs in which 
each item was found 
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OPTERA (grasshoppers, etc.) M pee asp MAMET odd TCA 2 
identifi Hopieres ces se ystena bitaeniata_ 
Unidentified grasshopper 1 sys tena pene 1 
HeEMIPTERA (true b Jrepidodera sp-....-------------~. ---- 
Cnctene 6 terap bigs) 1 Other Chrysomelids (leaf beet!) . ----- 1 
N ei ea dad lah ada a aa Blapstinusisp ee sas tae 1 
otonecta sp. (back-swimmers)..-......---- 5 Otiorhynchids (weevils) -.------. if eee il 
Corixide (water-boatmen)........--.-------- 42 | Fyperodes sp TON aA Ral laghs caeaeee 1 
Other heteropterans-....._-_.----.---------- 6" | rac ometasteldtisus llvoi elec eueedc gece 1 
rig sanguinolenta (leaf hopper) awa+------ 1 Rhinoncus pyrrhopus ALD D Leal TaN | 20 ST 1 
ther homopterans.......-..--..------------ 4 Other Eafe spans SAG Pye Beda Tie A 
: , Scolytids (bark beetles)_......-------------- 
TRICHOPTERA (caddisflies) Unidentified Rhynchophora.---.------------ 10 
Chilostigma praeteritum..........-..------- 1 DirteRA (flies) 
LEPIDOPTERA (butterflies and moths) Tipulides ere LUGS) eosos ciate aetence mee 2 
Moutldeaitlarvre)* sav. Svea teats nage 13 
Unidentified moths...................------- PAKS HIROMOMNTIBI BD as cee clon ce cn onde ection tap ate 3 
Unidentified caterpillars..............-.----- 2) | fOrthocladiusispes. See Vi FLOL) 0 (Aes SSE 2 
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TaBLE 1.— Material identified in the food of the northern phalarope as determined 
from the examination of 155 stomachs, and the number of stomachs in which 
each item was found—Continued ; 


Animal Matter—Continued Animal Matter—Continued 
DIPTERA (flies)—Continued ACARINA (mites) 
@hironomidse (lanviee) eae 22 | Hydrachnids (water-mites) ____..____.____-- 2 
Chironomide (pupe) ______.___--.-________-. 171i wUnidentified mites ss i ees J 
Other Chironomid (gnats) _______._______- 11 
ae Gade nae. ee ey 2 ee E 26 MOLLUusCA (snails) 
er Culicideze (mosquitoes) (larvee)____.__- 3 i 
Stratiomyiides (soldier flies) (larves) A BHR ee ee aetaes ligt | ala 4 
Dolichopodide (long-footed flies)__-__.-.-_-- 1 | Littorina sitchana........................... 9 
Syrphidz (flower flies) (larvae) _____.___.---- 8 | Other gastropods._-___-_____- PEAY by, Vos Fs 7 
vo eons Gduiheat ere yu akc DN AGAR ae PTBY Te RE ATC Rr CT a 
phydra gracilis (adults and pups) _--___--- 5 
Ephydra hians (larve) _.....____-_____-_---- 1 Uni H i" PAS (GES G8) 
ee sp. pa) RSET TeG iS Ape Ve Meeeee se eer a 14 nidentified fish --__--_--.___-.1.--1--..--- 1 
phydra sp. (larvee and pupse)_____________- 18 
Other Ephydrida» (alkali flies) 1 Vegetable Matter—Seeds 
nidentified dipterous larvee and pupe----- 6 | Ruppia occidentalis (widgeon grass) _._._.-_- 10 
Other dipterans________-__--._---_---------- 12 | Potamogeton pectinatus (sago pondweed) ___ 3 
Panicum sp. (Switch-grass) __.....__----_--_-- 1 
HYMENOPTERA (ants, bees, and wasps) Distichlis spicata (salt grass) ___...-.-.----.. 3 
Cyperus ve Gee 2 Soe cual 4 
Syrphoctonus speed eT ar 1 | Scirpus paludosus (bayonet-grass) _-.-._.-__- 
Mleayate en sie NUM abba Sei biial a 1 | Scirpus sp. (bulrush) --___-----_.-._-------.- 2 
Felony Pa SO Seed ae ee en ce Cpe 1 | Carex sp. (sedge) -----...--..--.------------- 1 
Camponotinz____- i 1 | Unidentified Cyperacez (sedges) --_--_-____- 4 
Unidentified ants.._....--..22s.220s.2l2.. 5 | Rumex crispus (curled dock) ---.222-22222-12 1 
Beth ylides sei puny nine SF RoeT TaN 1 | Rumex sp. (dock). -.-.-_..----------------- 1 
Crabronid seis pai ai BR is 1 Go dentipaneeeeny >-==---- Se een i 
t nidentified legume (beans and peas) -_----- 
Other hymenopterans.--.------------------- ! Euphorbiaces (spurges)_-....----.-----.---- 1 
Malvacee (mallows)___.__-..----_------ 1 
ARANEIDA (spiders) Menyanthes trifoliata (bog bean) 1 
" Unidentified seeds__-..-------- 8 
Spiders 21 Sirah dy ierea teenie lent! od He Maya 4 ' Vegetable rubbish____...___.._-_...---_-_._-- 1 


WILSON PHALAROPE 
Steganopus tricolor 


The Wilson phalarope (Pl. II), unlike the other two phalaropes, 
is limited in its range to the Western Hemisphere. ‘The species 
breeds in the northern part of the United States and southern 
Canada, from Indiana, Colorado, and eastern California north to 
central Alberta and Lake Winnipeg. It is more inland in distribu- 
tion than other species o' this family. In the winter season it is 
found in southern South America in Chile and Argentina, and ranges 
south to the Falkland Islands. In spring it reaches this country 
late in April and is on its breeding grounds early in May. The 
return southward takes place in August, and by September the birds 
have departed. 

For a summer home the Wilson phalarope chooses ge grassy 
marshes surrounding shallow pools and lakelets. The birds may 
arrive in flocks but soon separate into pairs that form little colonies 
in the marshes. For a few days all is animation about their chosen 
homes, as ardent, brilliantly plumaged females pursue coy, plainly 
colored males on the wing or across the water. Later, when the eggs 
have been deposited, the birds are more retiring, so that it is possible 
to traverse the channels leading through the breeding colonies without 
suspecting that phalaropes are concealed close at hand. On walking 
out through the shallow water one or two males may be seen to 
appear and rest on the water near by, or circle restlessly about 
uttering soft honking calls. For a week or so the females accompany 
them and share their anxiety, but later these emancipated wives 
desert their husbands, band together, and drift away to join others 
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WILSON PHALAROPE 
Stegano pus tricolor 
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of their sex, many of which perhaps have been unmated and have 
given no attention that season to the reproduction of their kind. 
Nests are placed in little clumps of grass and are of the simplest. 
construction. Four large eggs, handsomely spotted and colored, 
are deposited on a slight cushion of broken grass stems. The care 
and incubation of these falls entirely to the male. Once the eggs: 
are hatched the birds are more retiring than ever. The grasses in 
the marshes have grown steadily since nesting began, increasing the: 
cover, and the young slip about through this as readily as do rails. 
It is rare indeed to capture them. Young and adults in winter 
plumage are nondescript, plain-colored birds, entirely different, from. 
the old birds in spring. 

Though the Wilson phalaropes often feed while swimming on the- 
surface of the water, they are much more frequently seen walking 
about on mud bars than other phalaropes. Since the birds appear to. 
range entirely on inland waters, their food shows certain differences. 
from that of the related species. In all, 106 stomachs of this bird: 
were examined, representing the months from May to September. 
The majority were taken in May, June, and July, and the material 
for August and September is comparatively slight. The stomachs: 
at feck were collected throughout the range of the bird in the United 
States, with a small number of specimens from Canada. The animal 
food represented amounts to 93.3 per cent of the total, and the vege- 
table, 6.7 per cent. Gravel was present in many stomachs in fair 
quantity. 

ANIMAL FOOD 

Crustacea.—In the food of the Wilson phalarope, crustaceans 
amount to 3.6 per cent, a much smaller quantity than in the two 
related species. ‘The winter eggs of water fleas (Daphniide) were 
found 7 times, and the brine shrimp (Artemia fertilis) 4. Large 
flocks of phalaropes frequented the lake front on Great Salt Lake, 
where these tiny shrimps are available in large numbers. Amphipods 
not identified were found in 7 instances. The majority of the 
crustaceans were taken in May. 

Heteroptera—Aquatic bugs were favored food, forming 24.4 per 
cent of the total. Water-boatmen (Corixide) were especially sought, 
being found in 36 stomachs, some of which were crammed with them. 
Back-swimmers (Notonectide) were found 5 times, and shore bugs 
(Salda) 5 times, picked up as they ran about on the mud. Other 
bug remains not further identified were found in 4 instances. Al- 
though heteropterans made nearly one-fourth of the food, the groups 
represented were very few in number. The number of water-boatmen 
secured, insects which frequently are found in great abundance in, 
the shallow waters of ponds and marshes, is worthy of attention. 

Coleoptera.—Beetles are found in much greater variety than the 
true pugs, and in number of species replace the crustaceans taken by: 
other phalaropes. They amount to 20.1 per cent. Ground beetles 
(Carabide) were found 13 times; among these a group of small shore- 
haunting ppcics (Bembidion) was represented in 7 instances. Crawl-. 
ing water-beetles (Haliplide) were noted 15 times, and predacious. 
diving beetles (Dytiscide) 34, in 8 cases being larval individuals. 
Water-scavenger beetles were also commonly represented, having: 
been taken by 33 birds, in 6 cases in the larval state. The propor- 
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tion of weevils present among the beetles was very large, as members 
of this group were identified 27 times. Many were small forms 
found on aquatic vegetation. Other groups of beetles are repre- 
sented by scattering individuals picked up at random from the mud 
or the scanty growths of grass in marshy lowlands. Many of these 
miscellaneous beetles probably represent individuals which had 
drifted in on the shore after having been drowned. A few are forms 
found about decaying bodies, objects encountered frequently on 
borders of pools where the Wilson phalarope makes its home. Rove 
beetles (Staphylinide) and shining carrion-beetles (Histeride) 
belong especially im this class. 

Diptera.—Flies are one of the main sources of food supply for the 
Wilson phalarope, constituting 43.1 per cent of the total. Mosquito 
larvee which alone amounted to 5 per cent of the whole, constituted 
one-tenth of the food in 27 stomachs-collected in May; in 45 taken 
in June they composed 2.5 per cent. These larvee were taken also in 
numbers in birds killed in August. That large numbers of larvee 
were often consumed at a single meal was shown by the presence of 
many of the breathing tubes through which the wrigglers obtain air 
when at the surface of the water. Crane flies (Tipulidae) were found 
10 times, their larve, which are aquatic, 8 times, and adults twice. 
Gnats (Chironomid) were more abundant in the food, beens identi- 
fied in 20 stomachs, the larve and pupe in 10, and adult flies in a 
like number. In the immature stages insects of this group live in 
water, but the adults frequently swarm over marshes. To birds 
secured in the Great Basin region alkali flies (Ephydride) were favor- 
ite food. In all, members of this family were found 23 times, mostly 
in the larval or pupal stages, when they are easily accessible. The 
abundance of these insects in many localities is almost beyond ex- 
pression in words, and they form a prime source of food in saline 
situations where few other creatures can exist. Other aquatic fly 
larve that occur in fresh water were taken, among them a large > 
horsefly (Tabanus). 

Miscellaneous.—Snails were found in two stomachs taken in March, 
but amounted to only 0.3 per cent of the diet for the whole period. 
Other miscellaneous animal food came to 1.8 per cent, including a few 
larve of Mayflies and in one case the immature form of a dragon- 
fly. Caddisflies were found once and caterpillar remains once. 
Ants were found twice, and remains of a few other hymenopterans, 
but amounted to very little in bulk. Fragments of spiders were 
found three times. The comparatively small number of miscel- 
laneous forms is surprising considering the manner in which the birds 


feed. 


VEGETABLE FOOD 


The vegetable food of the Wilson phalarope composed 6.7 per 
cent of the total and was made up almost entirely of seeds of aquatic 
plants or of plants that grow in marshy situations. Material that 
may be called vegetable rubbish was encountered 5 times and con- 
sisted of small particles that probably were obtained incidentally and 
swallowed by the birds when in eager pursuit of active prey. Seeds 
of pondweeds were found 6 times and of widgeon grass 5. Species 
of rushes (Scirpus) were identified 19 times, other sedges 6, and seeds 
of smartweed (Polygonwm) 5 times. It will be noted at once that 
most of these seeds have hard outer coverings, and it seems prob- 
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able that in addition to furnishing some nutriment they also serve 
as substitutes for bits of gravel, often difficult to get in the silt of 
_Jowland marshes but useful in grinding up food. 


SUMMARY 


In its apparent predilection for mosquito larve the Wilson phala- 
rope is perhaps more useful than either of the other two species, as 
it ranges throughout the summer season on the fresh-water marshes, 
where mosquitoes often abound. Its destruction of larvee of horse- 
flies should also be placed to its credit. A large part of the food is 
composed of other marsh-haunting insects, which, so far as known 
at present, are of neutral economic significance. From no item can 
it be charged that this phalarope is injurious, and there could be no 
excuse for remoying it from the protected list. The inroads of agri- 
culture will restrict its breeding grounds, but with the adequate 
prikection now accorded it the bird should maintain its numbers. 

ortunately its body is so small that there is no incentive for poachers 
to kill it as game. 


TABLE 2.— Material identified in the food of the Wilson phalarope as determined 
from the examination of 106 stomachs, and the number of stomachs in which each 
item was found 


Animal Matter Animal Matter—Continued 
PHYLLOPODA COLEOPTERA (beetles)—Continued 
Artemia feriilis (brine shrimps) ----_----.---- 4 | Hydrophilidee (arvee) __------------------.- 6 
Daphniidz (water fleas) (winter eggs) ----_-- 7 es Hydrophilide (water-scavenger bee- 
Ves) Yi a oN gee yy ae ea een oy Wi 1 
AMPHIPODA (shrimplets) Staphyidimid ser (anya) ease see ee eee 1 
f : : Other Staphylinidee (rove beetles) --...-.--_- 2 
Unidentified amphipods--___-_---.-__----.-- Tle ELIS TS TS ws ia cee eum IE SALES a i 
f (CARLOS COM OQue Ae ae a ee 1 
ODONATA (dragonflies) Ileterocenusisp ae Aes ee ee ee 7 
AD HO GINS! pe eae es Sears Mis he A Se ea 1 
1D Gel ihy IBV cts ea Ce RES a ee UDF Mionoxiatsp ise Pes Se ae EEE OS 1 
; Other Chrysomelidée (leaf beetles)--.__._...-_- 1 
EPHEMERIDA (Mayflies) MTenebrionidse eee ss ss A ae 1 
_ Phytonomus posticus (alfalfa weevil) ...___-- 1 
Mpbemeriase) (laryes)|-22. 1-2. eee Se ZA OnyChilissLonMnOSbiis wees es ete en 2 
Anchodemus angustus____-_-.--------------- 1 
HETEROPTERA (true bugs) BAZ OUS TestmiChyisMe sass ee Ns See ee 9 
IBA OUSISP Pe see rece es Nek A RR bid 1 
Salda sp_-_---_---_-..- Fase 332 Pen See eee 5 | Mecopeltus aeneosquamosus-_..------------- 1 
Notonectidz (back-swimmers)--.-..----.--- 5 | Other Curculionids (weevils) -..-----.------ 5 
Corixid# (water-boatmen) _---_.._...___----- 86). |{ Sphenophorisisp. 202 Ry yee eee 2 
Oilssrineteropterans.. == 4-22 kes ys 4 | Unidentified weevils...-...._--.------__.-._ 5 
ed Other coleopterans--—_+-_.-2------=-_---- 2... 11 
TRICHOPTERA (caddisflies) 
meine eo daisrist DiptERA (flies) 
nidentified caddis ADV Gees os eee Pees 22 1 ) : 
‘ | poe ite Ca aaa Sn PB ile AN a 3 
f Adult Tipulide (crane flies)..._..------.--.. 
LEPIDOPTERA (butterflies and moths) Chiranodes eee and alae A MONRO eye EU 10 
7 : .| Adult Chironomidse (midges) __.------------ 10 
Caterpillars. ---.-..------------------------- 1’! Aédes Peel opaace) dorsalis eee ei ikl 1 
Aédes (Heteronycha) spencerii (larva)__----- 1 
COLEOPTERA (beetles) Other eee TS aan) LOE one 6 
sas Stratiomyiide (soldier flies) (larvee) --------- 11 
opted te oF aCe Es f Tabanus sp. (horseflies) (larve) ..-----.----- 1 
Oth OROPAUS NMDBMS ~ ~ -— = = aan nn === Dolichopodidse (long-footed flies)....-.--.--- 3 
er Carabide (ground beetles) -.-...----.- 5 | Syrphides (flower flies) (larva). -.----------- 3 
en ruficollis..-.---..---.+------------- : Ephydra gracilis (larvee and pupse)_----.---- 3 
© D uae omhoog rp alata laters ole par ae ; Epbyvdnanians: (arvies)\ 2 eb oek ee ee 2 4 
yea Haliplid# (crawling water-beetles) --_. 4 Nay Ane op MERE Ne LCT NS IAN OGG TF 7 
Goneedrus As oy ie prernas PE om mere er nn 1 | }phydra sp. (arves and pups).--..--------- 8 
Choclasiiima punctatus .---.----..------------ 1 | Other Ephydride (alkali flies)..-.---------- 1 
Hydroporus morio i BE ee i eae ee Other dipterous larvee and pups --.--.------ 14 
nag 1) RE ST TIRE) ka: oa aa be a a ma ef 
Jther Dytiscide (predacious diving beetles) - 14 ‘WOPTT ants. bees, : ; 
Helopiioras re ian Weehe yh ve, Fs es ) i ' HYMENOPTERA (ants, bees, and wasps) 
RNCLODROTUSIED eden he eo. wet o byob aaa 8 i nUmidentifiedvantss.2 a2. 2s2.-Spubeseescke 2 
MIOBUS SULA Neee ee. lee ew. ee 1 MLOLOTUB LL eRe oe ie oc ote snecietutenudenuce se 1 
Berosus J ee Sey eee LS LBD | TOUCOnUB ae a ULE LEE CU ae POs 1 
PEE CLUS BE ee ese IES oa. sinc ssa ncee 1 | Other hymenoptevars......).--.2-.-22052-.4. 4 
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TABLE 2.— Material identified in the food of the Wilson phalarope as determined 
from the examination of 106 stomachs, and the number of stomachs in which each. 
item was found—Continued 


Animal Matter—Continued Vegetable Matter—Seeds—Continued 
ARANEIDA (spiders) Huppia sp. Gees ay BeAr i 5. 
é Z 2 anicum sp. (Switch-grass) _-_.....___._____- 8. 
Unidentified spiders_..---------------------- 3 feu ts wee ca grass) - el 2 
4 cirpus paludosus (bayonet-grass) -..________ pp 
Mottusca (snails) oo gus zope Ca Si A 1 
Phivsalain a ety eel a) wet mere 1 cirpus sp. (bulrush) --_.._....-.---_-_-_-__- 6 
TISCE BIS Ca Meee Re iy| Cyperacese (sedues) _) 1 2s sain suk eae 6 
Polygonum sp. (smartweed)_-------.-------- 5 
Vegetable Matter—Seeds _| Amaranthus sp. (pigweed) --...------.------ 1 
Galium sp. (cleavers)__......-_--_-.___---_-- 4 
Potamogeton pectinatus (sago pondweed) --- 3 | Unidentified seeds____......_..--.---_------- 4. 
Potamogeton sp. (pondweed)-__--_.-------.-- 3) iP WVeretableiribbisha sees eso ana 5 

AVOCET 


Recurvirosira americana 


The large, strikingly marked avocet is found in greatest abundance 
west of the Mississippi River, where it ranges from southern Canada. 
south to the Mexican border. In winter avocets pass south through 
Mexico as far as Guatemala, some remaining in southern California 
and on the Gulf coast of Texas. Formerly they were found regularly 
along the Atlantic coast, but now are known only as stragglers in 
that region. Avocets are most common at present perhaps in the 
northern part of the Plains region and the Great Basin. Wherever 
found they attract attention, even from those ordinarily unobservant 
of birds. Though the long, slender legs and long neck may seem 
ungainly, avocets are graceful whether in movement or at rest. The 
bill which is broad at the base, is flattened and thin, and at the tip 
is curved upward. The toes are webbed. The long pointed wings 
are black in contrast to the white of the remainder of the plumage, 
which in the breeding season is varied by a cinnamon wash on the 
head and neck. 

Though found at times alone, avocets are habitually gregarious, like 
many other shorebirds. During the breeding season they gather in 
colonies and nest on low ground adjacent to ponds, bays, or slow- 
running channels. Four strongly marked eggs are deposited in a 
slight hollow scantily lined with a few bits of grass or weed stems.. 
The sites chosen often are subject to inundation by sudden floods, 
when the birds scurry about, seemingly in confusion, but in reality 
working actively to build up the nest in order to support the. eggs 
above the level of the encroaching water. In some cases it may be 
necessary to erect a structure 12 or 15 inches in height. Weeds, 
small sticks, bones, or dried bodies of ducks or other birds, feathers, 
or any other materials available are utilized as building materials. 

Young avocets are able to run about at birth and accompany their 
parents across the open flats in search of food. A visit to a nesting 
colony is of the greatest interest to one who enjoys observing birds. 
Male avocets come flying out with loud calls to meet the intruder, 
and when he is actually near the nests or young the uproar becomes. 
almost deafening. The adults dart at the head of the supposed 
enemy, or limp or flutter about, posturing grotesquely. Young birds. 
are hustled away by parents, with the aid of solicitous neighbors, to 
be concealed in the scanty herbage, or piloted far out on the open. 
flats, where they may be safe from capture. 
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After the breeding season avocets are more quiet and sedate and 
pay little attention to those who may visit their haunts, except to 


-walk up and inspect them with mild curiosity. Flocks of the birds 


search for food scattered about in shallow water, and do not hesitate 
to swim when necessary in crossing the deeper channels. Frequently 
a dozen or more feed in company, walking slowly along, shoulder to 
shoulder, as though in drill formation, at each forward step thrusting 
the head under water and sweeping the recurved bill along the bot- 
tom with a scythe-like swing that must arouse consternation among 
water-boatmen and other aquatic denizens of the bays and ponds. 
At times the writer has observed as many as 300 of these handsome 
birds feeding thus in a single company, a scene at once spirited and 
striking. The hunter who throuyh idle curiosity chances to kill one 
of these beautiful birds near his blind may well repent his wanton- 
ness, as other avocets with low calls gather about and examine the 
body of their former comrade with the greatest solicitude. 

The avocet stomachs studied in the present work come in the main 
from California, Utah, Saskatchewan, and North Dakota. In all 67 
stomachs were examined, taken during a continuous period of eight 
months from March to October. Animal food in these amounted to 
65.1 per cent and vegetable to 34.9 per cent. 

When feeding, avocets prefer hallo bays or ponds with muddy 
bottoms where the water varies from half an inch to 4 inches or more 
in depth. Some have supposed that the extreme thinness of the bill 
was caused by abrasion on sandy bottoms, a theory without basis, as 
the form of the bill conforms to the shape of the bones of the mandibles 
and no wear is apparent. As the birds feed much of the time by im- 
mersing the head, anything that may touch the bill is gathered in- 
discriminately, as in feeding they depend upon the sense of touch. 
From their manner of feeding, avocets are often scavengers, taking 
living or recently dead prey without much choice. The large tape- 
worms found almost without fail in the duodenum of the avocet are 
transmitted from one bird to another in this manner. The cast-off 
terminal segments of the worms (bearing the eggs) are picked up and 
swallowed by other avocets, a proceeding which the writer has per- 
sonally observed. Avocets also pick up matter floating in the water, 
on or near the surface, or take insects and seeds from mud bars. The 
insects may be those living in such localities or may be individuals 
that have been washed up in drift. 


ANIMAL FOOD 


Crustacea.—Though represented only by remains of a flattened 
phyllopod known as Apus, crustaceans amount to 8.6 per cent of the 
total food. These strange animals inhabit shallow ponds but are so 
local in distribution that they may be found only occasionally in long 
distances, so that they are hardly a common article of bird food. 
Large numbers had been eaten by the three avocets in which such 
remains were found. 

Odonata.— Dragonfly nymphs were found in three avocets killed 
in May and June, but amounted only to 0.1 per cent of the total food. 

Hemiptera.—True bugs were more staple diet, and were common 
in occurrence, though forming only 5.9 per cent of the bulk of the food. 
They were identified in 26 of the birds examined. Back-swimmers 
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(Notonecta) were found 3 times and a form of water bug (Belostomat- 
idze) once. Water-boatmen, identified in 23 instances, seem to be 
standard article of diet. 

Coleoptera.—Beetles as a group constitute 11.4 per cent of the food. 
Among them small shore-haunting ground beetles were common, 
none known to be of economic importance. A few crawling water- 
beetles (Haliplide) were found and a number of predacious diving 
beetles. Larve of this latter group were identified 9 times. Water- 
scavenger beetles in both adult and larval stages also were well repre- 
sented. Weevils were as abundant as other groups of beetles and 
included billbugs (Sphenophorus) in 5 instances. 

Diptera.—Flies, amounting to 23.8 per cent of the total subsistence, 
compose the largest single item-in the animal food. Although abun- 
dantly represented, the species taken belong to comparatively few 
groups. Larvee of crane flies (Tipulide) were taken 4 times and larvee 
and pupee of flies that could not be certainly identified 5 times. The 
immature stages of gnats (Chironomide) were especially sought. 
Individuals identified as belonging to the typical genus Chironomus 
were found 6 times, and those of related forms, 11. Often many 
were found in one stomach, though ordinarily so broken that they 
could not be counted with accuracy. In a number of instances, how- 
cleats ke ascertained that several hundred had been swallowed by 
one bird. 

In the Great Basin region alkali flies (Ephydride) were favored as 
foods as they were not only palatable but abundant about brackish 
or saline waters and in most cases easily secured. In spring and early 
summer thousands of these flies are found gathered in close array on 
expanses of soft, alkaline mud. Avocets run up hastily to such con- 
gregations and strike at them with lateral sweeping motions that fill 
their bills with them and with soft mud before the insects can escape. 
At such attacks the flies in limited areas rise in sudden swarms, but 
others at a short distance remain quiet, so that by taking a few steps 
the birds are able to make another attack on gatherings whose num- 
bers have been augmented by the arrival of individuals frightened up 
at the first onslaught. The larvee of these flies abound in many places, 
especially in the strongly saline waters of the lakes characteristic of 
the Great Basin. At Great Salt Lake many avocets after the nesting 
season frequent shallow bays near the lake front, where these larvee 
swarm, in order to feed upon them. 

Miscellaneous.—Snails are eaten occasionally by avocets and were 
found in 6 stomachs, although they amount only to 0.8 per cent of 
the total. The species are those common in shallow ponds and 
marshes. Other miscellaneous items of animal food, 14.5 per cent, 
include a varied assemblage of forms, none of which were present in 
sufficient number to merit separate tabulation. Nymphs of May- 
flies were found twice, and cases and other remains of caddisfly 
larve 3 times. Caterpillars were identified 3 times, and fragments 
of small grasshoppers (Acridiide), 4. The Hymenoptera were repre- 
sented by single findings of ants, a larrid, a braconid, and one other 
form not identified. Spiders were found in 2 instances. A small 
chub (Leuciscus lineatus) had been eaten by one bird and an unidenti- 
fied fish by another. Bones of a tiny salamander were encountered 
in the stomach of one bird. 
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VEGETABLE FOOD 


Vegetable matter was a regular constituent in the diet of the avocet, 
being found in 56 of the 67 stomachs examined, and totaling 34.9 per 
cent for the entire period. A considerable part of this is composed 
of seeds of marsh or aquatic plants. Thus seeds of the sago pond- 
weed (Potamogeton pectinatus) were found 17 times and those of some 
related form once. Salt grass (Distichlis spicata) was taken 3 times, 
bayonet-grass (Scirpus paludosus) 7, and related bulrushes of the 
same genus as the latter, also were found 7 times. The names of a 
few scattered seeds from other groups are given in Table 3. 

Vegetable matter other than seeds also was eaten. Thus leaves 
and stems of the sago pondweed were abundantly represented and 
were identified in 17 stomachs. Miscellaneous bits of vegetation 
classed as vegetable rubbish were found 19 times. This matter in 

art was evidently picked up at random in feeding in shallow water. 
Batre of this must be classed as waste, but as it is possible to extract 
nutriment from a portion it must be considered of some value. It 
is ground up in digestion by means of the gravel and hard seeds 
swallowed for the purpose. 

SUMMARY 


Analysis of the food of the avocet shows that this species has no 
injurious tendencies whatever. Much of the animal food belongs to 
forms that are economically neutral. The weevils eaten are to be 

laced on the credit side of the account, as they are nearly always 
Foseatil or may become so if given opportunity. 

In some regions the “‘snipe,’’ as the avocet is sometimes known, is 
considered a game bird or is hunted for food. Shooting avocets has no 
element of sport, however, as it is easy to walk up within gun 
range of them, and they are fearless and frequently come around 
to examine the hunter. ‘Though the birds are of fair size, the flesh 
is not savory and offers no excuse for killing them. They rightfully 
have been removed from the category of game birds and are now 
accorded full protection under the regulations of the Federal 
migratory-bird treaty act. This is fortunate indeed for their con- 
tinuance, as they are large and conspicuous and easily killed. They 
rear but one brood of four young each season and are subject nor- 
mally to many dangers, so that with shooting the species would soon 
be exterminated. With increase in cultivation of lands throughout 
their range their haunts have been much restricted. The birds 
remaining have in many instances been brought into closer relation 
with man, so that the good they do is more apparent. 


TaBLe 3.—WMaterial identified in the food of the avocet as determined from the 
examination of 67 stomachs, and the number of stomachs in which each item 
was found 


Anima] Matter Animal Matter—Continued 
PHYLLOPODA ORTHOPTERA (grasshoppers, etc.) 
yejut se ee esse eee eee O | PACrdidre ar ois. eo te a) ce 4 
OvDONATA (dragonflies) HETEROPTERA (true bugs) 
BILGRONUS TP UIDUS ot ner ee ocean 3 Notonecta sp. (back-swimmers).---..-.----- 3 
: Belostomatide (giant water bugs)-...------- 1 
EPHEMERIDA (Mayfiies) Arctocorixa dispersa (water-boatman)._-_-.. 1 
Other Corixides (water-boatmen) .....-.-.... 22 


Ephemerid# (nymphs)..............-.---..- ZV IOPOet UCLeLO DUCLADS 3 o> ccanscecencccweuowe 1 
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TaBLE 3.—Material identified in the food of the avocet as determined from the 
examination of 67 stomachs, and the number of stomachs in which each item 
was found—Continued 


Animal Matter—Continued Animal Matter—Continued 
' TRICHOPTERA (caddisflies) HYMENOPTERA (ants, bees, and wasps) 
@addisfiy tanyces 22 obese hs CME ew 3) i Hearridge bee coe OE oo a 1 
Beh at Fey Se Sic ee ONG nes ONE MaMa a es 2 eM) 1 
LEPIDOPTERA (butterflies and moths) Braconidae se oo boi) 2 Ono aca UU aaa eee 1 
Other hymenopterans_______________________ 1 
Cpe iey gO WW Bh eae ala a eas Rel AN A NS a Sa 3 
ARANEIDA (spiders) 
COLEOPTERA (beetles) Siniders:duei 0 uci Nc, ul pee 9 
Bembidion insulatum______.___..________2_- 1 : 
Barbidiodtecuddori (tea es 1 MOLLusca (snails and mussels) 
Benth Gio uys yee eens eee eee 1 | Physa Pyrina 2. 2... Perea 2 
Pterostichus sp_----------------------------- 2 | Planorbis trivolvis____.___._____.__________- 3 
eG Oa Soe enna St - fi Blanonbisisp.). CU es eae 1 
Odes; CallOstisHen aye Nei ail aia i ( 
Cue. Helphds (crawling water-beetles) _-__ 2 (OUIE SE AONE MOLES) 2 aoa 222 anos 2-2 = i 
GelAmapUS| Spe eee ee eV eiteas ee on NE nh ee 
Hy eroporus ao ay TES Sp Se gee NU py 74 TBE (se 8) 
Vitiscidee) (lays assert cee EE | 9 ; ; 
Other Dytiscide (predacious diving beetles) _ 1 pe telscely Tinea ts Pe 5 
TNO NOMS Sak ee ae Bae Panis An ete 02.” Re i ae rr re 
Tropisternus sp_---------------------------- 2 AMPHIBIA (frogs, toads, and salamanders) 
Berosus Ce ewe) Paha bese 1 Re OAD ye PO 
IBETOSUSIS Pa (larivice) eee ee eee es ae 
Hydrophilide (water-scavenger beetles) SEUNG ooo Soe insane anes e : 
CEN C2) eet oe oe eae ee eee ee 5 Vegetable Matter—Seeds 
Ve terocertis!s pens aN Tap aN 2 
ARETE TIO MIC ee ee hE a a 1 | Marsilea vestita (pepperwort) ______-___-:___ 1 
PMY COM OMOUS TS eee ete ne re na once ee 1 | Marsilea sp. (pepperwort)____-_-___________- 3 
Bly perodes spre yey Se sible we 1 | Juniperus utahensis (juniper) ___________-__-_- 1 
Other Curculionids (weevils) ._.___-___-___- 2 | Potamogeton pectinatus (sago pondweed) 
Sphenophorus ochreus (billbug) __._-___-___- 1 (seeds) REYES ti Sy ob EAs 2 Sees 17 
Sphenophorus mormon (billbug)_______-____ 1 Potamogeton pectinatus (leaves and stems) __ 17 
Sphenophorus sp. (billbug)_________________2 3 | Potamogeton sp. (pondweed)_____-___---__-- 1 
Other coleopterans (including lary) -__-__- eo 10 | Ruppia occidentalis (widgeon grass) -_____-_- 1 
Distichilis spicata (salt grass)__..._.__._-_-__ 3 
DIPTERA (flies) Scirpus paludosus (bayonet-grass) -______-__- 7 
: Scippusispe (oulrush) ease eee 7 
Tipulids (crane flies) (larvee)______________- 4 | Other Cyperacez (sedges) ______________-___- 1 
Chironomus sp. (larve) __________________-_- 6 Polygonum sp. (smartweed)______---_------- 4 
Other Chironomide (gnats) (larve) .--_--___ 11 Atriplex sp. (Saltbush)__________________-_-_- 1 
Ephydra gracilis (alkali flies) (adults and Other Chenopodiaces _____________-__------- 1 
NL etrsVjSe)))2 Se a pa pe AE ON PAP WAN TeX" D DOO) a6 aca ee CIR a Ua he ES I 
Ephydra hians (larve) _____________________- 2° | “Conmipositess. 20 Ub) lit be a ea 1 
Bp hiydrar sy ses ek ob ge ee yi) die iat ge ee 8):| Otherseedsc) 52 23. tye ge Ae ee 1 
Other dipteran larvee and pupz____________- DL Vegetable rub bish&. 4. - 2) ea eee 19 


BLACK-NECKED STILT 
Himantopus mexicanus 


The black-necked stilt (Pl. III) is one of the comparatively few 
species of shorebirds that have a center of distribution within the 
Tropics and extend from there northward to within our limits. In 
the western United States the stilt ranges north to southern Oregon, 
northern Utah, and Colorado; in the East it is found at present in 
Florida, Louisiana, and Texas, though formerly it nested as far north 
as Delaware Bay or possibly even more northern latitudes. 

In the West during the breeding season stilts are found in company 
with avocets about shallow pools and lakes or on the muddy banks of 
channels running through lowland marshes. Though usually less 
common than their larger neighbors, they add to the uproar and 
excitement when the breeding colonies are invaded. Stilts are not 
so demonstrative as avocets and remain more in the background, 
where the steady repetition of their sharp notes furnishes a yelping 
accompaniment to the more vociferous outbursts of the others. 
When greatly excited, stilts spring in the air and circle about or, 
with steadily beating wings, remain stationary a few feet from the 
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ground, their long, red legs hanging straight down. The dead black 
of the upperparts with its greenish sheen and the pure white of the 
breast form a pleasing contrast of color, which, with the greatly 
elongated legs, serves to distinguish the stilt from any other of our 
shorebirds. 

The nests and eggs of stilts are very similar to those of the avocet, 
and the young when first hatched closely resemble young avocets, 
but may be distinguished by the lack of a hind toe. The young 
grow rapidly, and the increase in the length of their legs is amazing. 
Until the bones are well formed the young, when not feeding, prefer 
to rest with the full length of the tarsus extended on the ground, 
but even then appear as tall as other shorebirds of similar body size. 

Stilts show considerable attachment for their young, and, unless 
dispersed by some untoward accident, frequently remain in family 
eroups long after the young are able to care for themselves. As 
the latter become strong on the wing the family parties range over the 
country in search of suitable feeding grounds. As the nights grow 
cold in the North the birds band together in larger flocks and finally, 
on some moonlit night in September, young and old may be heard 
calling as they pass overhead on their southward migration. 

Stilts feed by picking up insects on muddy shores or in shallow 
water, and though not averse to frequenting alkaline areas, on the 
whole prefer fresher water than do avocets. For detailed analysis, 
80 stomachs of the black-necked stilt were available, distributed 
from March to August, and collected in California, Utah, Florida, 
and Porto Rico. Vegetable food in these amounted to only 1.1 per 
cent, whereas the animal matter formed 98.9 per cent. The birds 
are adept in seizing rapidly-moving prey and in general aie very 
methodical in their manner of obtaming food. Gravel is picked up 
to some extent to aid digestion, and part of the seeds taken may have 
been swallowed for the same purpose. 


ANIMAL FOOD 


The animal food of the black-necked stilt shows more diversity 
than in the case of preceding species, though some of the items taken 
are present in comparatively small quantity. 

Crustacea.—Crustaceans constitute 0.5 per cent of the total food 
and were identified in stomachs collected in March and April. In 
eight remains of crawfishes were found, an important item, as these 
animals are highly destructive to crops in some localities. 

Odonata.—Nymphs of dragonflies make up 2.9 per cent and were 
eaten by nine birds, mainly in April and July. 

Trichoptera.—Cases of caddisfiies with their occupants were found 
abundantly in stomachs taken in March and Ae and amount to 
3.3 per cent of the entire food. In many instances the cases had 
been attached to submerged vegetation, part of which had come away 
tea the container was torn loose and had been swallowed with the 
arve. 

Agnatha.—Mayfly nymphs, a number of which were taken during 
April, were identified in five stomachs (1.3 per cent). 

Heteroptera.—Aquatic bugs with a few others were eaten in large 
ued and amount to 35 per cent, the largest single item in the 

ood of the stilt. They were found regularly in all months for which 
material was available. Water-boatmen (Corixide), encountered 
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27 times, were most abundantly represented. Remains of many were 
found in several of the stomachs opened, and small fragments were 
often present in stomachs filled with other insects. Water striders 
(Gerris) were found three times, true water bugs of small size (Belo- 
stoma) six times, and back-swimmers (Notonectidz) twice. A shore 
bug (Salda) was identified once. Shore bugs are often abundant on 
mud bars where stilts delight to feed, but apparently are usually 
overlooked or disregarded. 

Coleoptera.—Beetles, practically as important in the food as the 
bugs, composed 32.4 per cent, but were yPheseut in much greater 
variety. A tiger beetle (Cicundela), found in one instance, is the 
only species taken that may be considered beneficial. Small flat 
beetles of the genus Bembidion, of which a variety of species inhabit 
muddy shores, were found twice and other ground beetles (Cara- 
bidz) seven times. Crawling water-beetles eects) were identified 
in 18 instances, among them representatives of various species. Pre- 
dacious diving beetles were identified 26 times and their larve 9 
times. The species of this group taken by the stilt were those of 
small size, as the bird is unable to swallow the larger forms. The 
same fact was observed in the water-scavenger beetles identified in 
58 stomachs. The genus Berosus, the species of which are frequently 
abundant in shallow water, was found 21 times and the genus Tropi- 
sternus, 28. Larve of water-scavenger beetles were identified in 22 
instances, so that on the whole this group of beetles was abundantly 
represented. 

An abundance of weevils is noted as one of the prominent items 
among the beetles. Curculionide alone were represented in 44 stom- 
achs and billbugs (Sphenophorus) in 6. The curculios eaten were 
mainly individuals of the genera Bagous and Onychilis, which occur 
on aquatic vegetation. Weevils are mostly injurious, and attention 
may be drawn to the evident predilection for these beetles shown 
by the stilt. 

Dvptera.—Flies amount to 9.7 per cent of the total food. The 
majority were still in the immature stages, though occasionally adult 
flies were eaten. These remains were most manila in material from 
the Great Basin region, where certain groups of dipterans abound. 
The young of small crane flies (Limnobiine) were found 3 times and 
of gnats (Chironomide) 4 times. The larval forms of mosquitoes 
were identified twice, evidence of good that may be accomplished in 
the destruction of these pests. Alkali flies (Ephydride), and soldier 
flies (Stratiomyiidae), represented by several forms, were encoun- 
tered 9 times each. The species of flies taken, so far as it was 
possible to identify them, are without exception those having larval 
forms of aquatic habit. 

Mollusca.—Represented by several common species of marsh or 
pond inhabiting snails, mollusks make up 7.9 per cent of the food, and 
were identified 35 times in all, most abundantly in material collected 
in Florida. In 37 birds taken in April (all but 2 from Florida) snails 
amounted to 15.4 per cent of the food. . 

Pisces.—Small fishes were identified in 7 instances, but amount 
to only 3.2 per cent of the total food. A carp was found once and 
tiny sunfishes twice, but remains of others were not identified. The 
fishes eaten were of the smallest size and have little economic 
significance. 
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Miscellaneous —Other animal food, amounting to 2.7 per cent, 
included remains of grasshoppers in 3 instances, and crickets, cater- 
pillars, and a tiny frog in 1 each. The grasshoppers and crickets 
may be mentioned as of distinct economic importance and as a 
further indication of the value of the stilt as an insect destroyer. 


VEGETABLE FOOD 


The vegetable food of the black-necked stilt, composing 1.1 per cent 
of the total, has little significance in determining the economic status 
of the bird. It consisted in the main of a few seeds of aquatic or 
marsh plants, with fragments of vegetable débris in a few instances, 
taken as rubbish adhering to other food. The flattened sporocarps of 
Varsilea were found in 1 stomach and seeds of the sago pondweed 
(Potamogeton pectinatus) in 4. Seeds of several species of bulrush 
were encountered in 7 instances and leaves and stems of the sago 
pondweed in 2. ‘The latter is an item in favor with many water birds 
and may be considered nutritious and readily digestible. As most 
of the seeds eaten were hard and firmly surfaced, it is probable that 
like gravel they perform an important. function in preparing softer 
food for digestion, in addition to serving as nutriment themselves. 


SUMMARY 


From the foregoing details it seems that the black-necked stilt 
is of somewhat greater importance from an economic viewpoint 
‘than the avocet. The fact that it eats crawfishes, though in small 
quantity, is one point in its favor. Among the insects taken, a 

eat majority are of no particular importance, but attention must 

e called to an evident predilection of stilts for billbugs (Spheno- 
phorus). ‘The only valuable beetle eaten was a single tiger beetle, 
of which fragments were found in one stomach, an item of small 
weight compared with the destructive beetles consumed. Mosquito 
larve were found in two instances, an indication of a valuable 
feeding habit which in suitable localities may render these birds 
of importance. The true bugs eaten are of neutral significance, save 
in the case of the waterbugs (Belostoma), which, being predatory 
on small fry of fishes, must be considered injurious, and they 
form a part of the food to the credit of the bird. Fhes and mollusks 
are taken in abundance, but except for the mosquito larve men- 
tioned, are of neutral significance. The small fishes eaten are tiny 
individuals of species having no particular value. 

Economically the stilt has a decided balance in its favor. It 
apparently has never been considered a game bird, as it is small in 
body and poor in flesh. The tameness and lack of sophistication of 
the birds have often led to their destruction by careless gunners, 
so that they have greatly decreased in numbers or have even dis- 
appeared from more thickly settled regions. As they are conspicu- 
ous in form, and fearless and noisy during the breeding season, they 
attract attention which often is disastrous. They should be pro- 
tected and encouraged generally and under such conditions should 
maintajn or even increase their present numbers. Those who chance 
to come intimately in contact with stilts will find that they are not 
only beneficial in their food habits but that they merit observation 
for their many interesting ways. 
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TABLE 4.— Material identified in the food of the black-necked stilt as determined from 
the examination of 80 stomachs, and the number of stomachs in which each item 


was found 
Animal Matter 
CRUSTACEA (crabs, shrimps, etc.) 


Cambarus sp. (crawfishes) 
Other crustaceans 


ODONATA (dragonflies) 
Dracontly, MyM pls esses wer eae 
EPHEMERIDA (Mayfiies) 
Ephemeridz (nymphs) 
ORTHOPTERA (grasshoppers, etc.) 


Acridiide (short-horned grasshoppers) 
Gryllide (crickets) 


HETEROPTERA (true bugs) 


Pentatomide (stink-bugs) 
Miride (plant bugs) 
Gerris sp. (water-striders) 
Salda sp. (Shorebugs) 
Notonecta undulata (back-swimmers) 
Other Notonectid# (back-swimmers) 
Belostoma flumineum (giant water-bug)___-_- 
Belostoma sp. (giant water-bug) 
Arctocorixa interrupta (water-boatman) 
Other Corixidz (water-boatmen) 
Other heteropterans 


TRICHOPTERA (caddisflies) 

Caddisfly larve 
LEPIDOPTERA (butterflies and moths) 
Caterpillars 


COLEOPTERA (beetles) 


Cicindela sp. (tiger beetle) 
Bembidion insulatum 
Bembidion sp 
Other Carabide (ground beetles) 
HMaliniusiconcalors = Sauna sey a ae 
ali plus:s pee eee be MATERA RET 
Peltodytes callosus 
IPeltod ytespmuticuses 222s en ae 
Other Haliplide (crawling water-beetles)____ 
Coelambus pedalis 
Coelambus sp 
Deronectes striatellus________________________ 
Coptotomus obscurus 
Thermonectes ornaticollis 
Dytiscide (larve) 
Other Dytiscide (predacious diving beetles) _ 
IHelomnorus sper] eee oo 8 nl Hoe aA 
Berosus pugnax 
Berosusinfusca tus sees s * eee es 
IBELOSUS{S Pie keene 2 PA i Ieee 2 gee a i ed 
‘Mropisternusitimbaliss 22s VA See 
Tropisternus nimbatus 
Tropisternus californicus 
Tropisternus sp 
@Merey.on{sp <2 seat aaa Silas 
Hydrophilide (larve) 
Other Hydrophilide 

CO TLCS) oe es en se ee 


hw = 00 


HOR OH eee OR EE 


— 


_ 


ry 


= 
NEP OAHMAONNNWHOHR HE eee Com Ooh Te 


to 


Animal Matter—Continued 
COLEOPTERA (beetles)—Continued 
Heterocerus sp 


DiPTERA (flies) 


Limnobiine (crane flies) (larve) 
Chironomidze 
Chironomide (midges) (larvz) 
Culicidze (mosquitoes) (larvee and pup2) .-- 
Stratiomyia sp. (larve) 
Odontomyia sp. (larve) 
Other Stratiomyiide (soldier flies, larvee)___ 
Syrphide (flower flies) (larve) 
Ephydra gracilis (alkali flies) 
Ephydra subopaca (alkali flies) (arve) 
Ephydra sp. (alkali flies) (arve) 
Other dipterous larvee 
Other dipterans 


ARANEIDA spiders) 
Spiders. 220.02 0 ee 
PELECYPODA (mussels) 
Small Givalives! 2: 5 So) 
GASTROPODA (snails) 


Bittium varium 
Amumicolaysp!: . 21) _)_ 3) Veer Oe eee 
Vivipara georgiana 
iP ySsargyrina: 2 Ss Ue ee alee 
Physa sp 
Planorbis trivol vis. a eee 
Planorbisisp JU ae 
Other snails 


Pisces (fishes) 


Cyprinus carpio (carp) 
Centrarchide (sunfishes) 
Other fishes 


Vegetable Matter 


Marsilea sp (pepperwort) 
Potamogeton pectinatus (sago pondweed) 

(seeds) 
Potamogeton pectinatus (leaves) 
Potamogeton sp. (pondweed) 
Scirpus americanus (three-square) 
Scirpus paludosus (bayonet-grass) 
Scirpus sp. (bulrush) 
Cephalanthus occidentalis (buttonbush) 
Vegetableribpisi 2222 2 20h eee 
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TaBLE 5.—Percentages of principal groups of items in the food of the five shore- 
birds discussed 


Odo- 
Num- GEES : 
Tri- : Mis- | Total 
: ber of | Crus- Hem-! Cole- | Dip- | Mol- |: : 
Bird chop- |; Pisces | cella- janimal 
store tacea tera, iptera| optera| tera | lusca Sens | sae 
Ephem- 
erida 
Red phalarope--__-___- SYD Mp ers weil (iene set] Pe ars PUP Be lina ea fl ced 6.8 9.7 | 100.0 
Northern phalarope_- 155 9.3 nD 31.8 | 16.5 | 32.8 Qir7 ae tia ea 3.91 97,2 
Wilson phalarope_--_- 106 SHOW eae eee 24.4} 20.1] 43.1 eet ie ea 1.8] 93.3 
AV OCCTE Sb FERALAS 67 8.6 Ait 5.9 11.4 23.8 Pits) |e ee 14.5 65. 1 | 
Black-necked stilt____ 80 5) Ths 35 32. 4 9.7 7.9 2.2, Pas Tl 98. 9 
J 
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HOST RELATIONS OF COMPSILURA CONCINNATA MEIGEN, AN IMPORTANT 
TACHINID PARASITE OF THE GIPSY MOTH AND THE BROWN-TAIL 
MOTH 

By R. T. WEBBER, Assistant Entomologist, and J. V. SCHAFFNER, Jr., Principal 


Scientific Aid, Gipsy Moth and Brown-Tail Moth Investigations, Bureau of 
Entomology 1 


CONTENTS 
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Care of collections and methods of Records of Compsilura rearings other 
FEE a ag a 4 than those recorded at the Gipsy 
Life history and hibernating hosts__ 4 Moth) Waboratory=—22— sees 
Status of hibernating hosts of Comp- Effect upon native parasites_______ 27 
Se cp ee a 5 | Effect upon host species___________ 30 
Generations of Compsilura______-___ wi Literature cived= 2222 ae ees 31 


The depredations wrought by the gipsy moth (Porthetria dispar 
L.) and the brown-tail moth (HL'uproctis chrysorrhoea lL.) in eastern 
Massachusetts have been responsible for the introduction of many 
European parasites into the United States. Among the imported 
parasites which were successfully established is Compstlura concin- 
nata Meigen, a tachinid fly common to the European countries where 
the brown-tail moth is found and credited with a long and varied 
host list. This parasite was first introduced into Massachusetts in 
1906 and found to be generally distributed over considerable terri- 
tory in 1909. A brief account of the life history, colonization, etc., 
of this tachinid appeared in a bulletin by Howard and Fiske issued 
by the Bureau of Entomology in 1911 (7),? and a much more elabor- 
ate summary, detailing the life history, was published by Culver in 
1919 (2). Tothill (9), in 1922, also published on the life history of 
Compsilura. 

Since the establishment of a foreign insect in a new environment 
may bring about some change either beneficial or detrimental to its 
hosts and host affiliations, plans were made to study the effect of this 
introduced parasite on native larvee. Accordingly, during the spring 


1The writers are indebted to the persone of the Gipsy Moth Laboratory for their 
assistance; to H. G. Dyar, of the U. 8. National Museum, and the late Ff. H. Mosher, of 
the Gipsy Moth Laboratory, for identification of the Lepidoptera; and to C. KF, W. Muese- 
beck for determination of the Hymenoptera. 

2 Reference is made by number (italic) to “ Literature cited,” p,, 31. 
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of 1915, arrangements were made by A. F. Burgess, in charge of 
the gipsy-moth investigations at Melrose Highlands, Mass., for the 
collection of larvee and the study of their parasites. 


SOURCES OF COLLECTIONS AND DATA 


The laboratory is so situated that the opportunities for obtaining 
large collections of insect material are numerous. In addition to 
the laboratory force, quarantine inspectors in infested areas, scouts, 
local moth superintendents in Massachusetts, and people interested 
in the moth work in all of the New England States gather material 
and send it to the laboratory for study. The larval collections re- 
ceived from 1915 to 1922 include the following: For 1915, 68 species, 
18,457 larvee; 1916, 151 species, 20,712 larvee; 1917, 140 species, 23,086 
larvee; 1918, 117 species, 20,427 larvee; 1919, 141 species, 54,628 larvee; 
1920, 144 species, 58,313 larvee; 1921, 186 species, 57,512 larvee; 1922, 
138 species, 49,421 larvee. 

During the eight years in which larve have been collected there 
have been received at the laboratory about 300 identified species, to- 
gether with many specimens which failed to produce adults and 
the identity of which can never be established. A list of the host 
insects of Compsilura received during this period is given in Table 1. 


TABLE 1.—List of host insects of Compsilura concinnata Meig. received at the 
gipsy moth laboratory, Melrose Highlands, Mass., from 1915 to 1922, in- 
clusive* 


1915 | 1916 | 1917 | 1918 | 1919 | 1920 | 1921 | 1922 | Total 

Aglais milberti Godart_.......-....-.- 0 0 $55 | 2, 337 0 0 0} 2,692 
Alypia octomaculata Fabricius_-—__-.. 80 3 31 12 37 166 876 179 3 
Ampelophaga myron Cramer_..-_-..-- 0 0 0 0 0 16 2 18. 
Anisota rubicunda Fabricius____.....- 2 2 10 144 889 42 616 1, 605- 
Anisota senatoria Smith and Abbot... 20 0 0 48 680 200 798 516 | 2,112 
Anosia plexippus Linné________....._. 0 61 70 192 0 0 83 356- 
Apatela americana Harris__...-.- S 1 2 52 4 2 6 0 1 68 
Apatela furcifera Guenée___ 0 10 19 10 4 81 6 4 83 
Apatela brumosa Guenée- 0 4 8 a7 4 20 0 0 63: 
Apatela sp__.--..-------- 0 0 2 2 2 2 1 3 12 
Archie oes ISERIES Mea Ss 0 0 4 10 16 4 0 0 34 
Arsilonche albovenosa Goeze_____-.-.- 0 47 4 120 95 21 6 0 293. 
Autographa brassicae Riley_..._...-_- 42 48 391 167 37 108 269 129 | 1,186 
Automeris io Fabricius._-...-...-.-.- 0 91 18 1 0 2 1 29 142 
Basilarchia archippus Cramer--__---- 20 16\> 68 119 245 184 172 62 811 
Basilarchia astyanax Fabricius_____._-. 0 3 0 0 0 0 8 3 9 
Callosamia promethea Drury--_--..-.-. 756 284 537 661 53 20 12 9) 2,331 
Calpe canadensis Bethune_-___..._._- 10 1 1 0 31 18 1 19 81 
Catocala spose ete eee 0 5 1 2 7 12 15 8 50 
Cerura occidentalis Lintner-__-_- week 0 3 4 2 1 16 6 § 37 
Charidryas nycteis Doubleday and 

Hewitson: 22332) 2 oe, ee 0 0 0 0 86 54 101 18 209 
Cimbex americana Leach_____.--..--- 19 3 24 16 41 27 38 | 1,590 | 1, 758 
Cingilia catenaria Drury__._.--.._._.- 0 0 0 0 601 436 398 4| 2,309 
Cirphis unipuncta Haworth---_______- 15 0 0 0 2 17 10 50 
Cnidocampa flavescens Walker -____._- 0 12 392 0 0 0| 1,195 | 1,599 
Croesus latitarsus Norton__......-_.-- 20 494 609 567 | 2,868 | 1,405 | 2,180 | 1,187 | 9,280 
Datana angusii Grote and Robinson-. 0 0 86 0 0 37 181 
Datana integerrima Grote and Rob- 

WIGS TY) 0 RES Rah OE AO 0 65 7 827 0 478 0 0 877 
Datana major Grote and Robinson--- 0 42 1 0 17 60 123. 
Datana ministra Drury_.__..__..____. 0 224 | 2,449 482 199 259 955 299 | 4,817 
Datana perspicua Grote and Rob- 

TTS ODN ee ee eA EL ed 0 0 0 0 0 120 152 308 580 
Deidamia inscriptum Harris____--_- 9 0 1 2 1 0 0 13 
Deilephila gallii Rottemburg_-_-__-___ 12 0 0 0 1 1 0 0 14 
Deilephila lineata Fabricius_____.___- 2 1 0 0 0 2 8 13 
Diacrisia virginica Fabricius_---._.._- 161 118 184 828 8 20 18 19 856 
Ennomos subsignarius Hiibner-_--___- 1, 200 865 403 $53 257 2 0 0; 3,080 
Epargyreus tityrus Fabricius-.-_._-_- 0 21 0 0 0 65 62 226 374 


1 Numbers in italic indicate that Compsilura was reared. 
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TABLE 1.—JList of host insects of Compsilura concinnata Meig. received at the 
gipsy moth laboratory, Melrose Highlands, Mass., from 1915 to 1922, in- 


clusive—Continued 


1915 | 1916 | 1917 | 1918 | 1919 | 1920 | 1921 1922 | Total 
Epicnaptera americana Harris -____-__- 0 4 6 9 4} 3 3 4 33 
Estigmene acraea Drury-__-..-------- 25| 208| 696 185 619 105 106 | 114} 2,058 
Euchaetias egle Drury--.----_----2:--- 0 162 676 845 497 72 165 779 | 2,675 
Eugonia j-album Boisduval and 
Meronte: Om i tiier oo rity 16 43 2 13 0 0 0 0 74 
BipREpG eects Te YY SOLTT OC fy MATT TG 22 aS eel deg eS SENS LE eh la ae) AN ea | de 
Euthisanotia grata Fabricius_--__-._- 0 0 8 0 3 0 0 11 
Euvanessa antiopa Linné______-_____- 250 661 418 | 2,243 667 480 | 1,124 | 1,075 | 6,758 
Evergestis straminalis Hiibner__-__--- 20 14 11 2 0 48 0 5 100 
Halisidota caryae Harris______-_______ 0 367 | 1,647 47 250 4 4 222, 041 
Halisidota tessellaris Smith and 
TUTE ENO 0 229 | 1,672 255 26 34 12 161 2, 289 
Hemaris thysbe Fabricius---..__-_.-__ 0 0 9 77 22 6 105 
Hemerocampa leucostigma Smith and 
y/.\\0) 0 (0) ene oe Sh apm ae 0 99 922 480 60 781 548 | 1,987 | 4,122 
Hemileuca maia Drury-_-______-------- 685 195 984 | 3,059 | 2,730 780 | 2,004 956 | 11,342 
Heterocampa guttivitta Walker______-. 0 8 3 276 | 1,749 842 3 0| 2,876 
Heterocampa umbrata Walker_____-_- 0 0 0 0 10 0 0 0 10 
Hydria undulata Hinné. 941)! Sener | 0 0 71 87 | 1,161 817 419 560 | 3,115 
Hyphantria cunea Drury 3___...___-__ 0 836 | 1,373 | 1,671 | 7,577. | 8,623 | 2,940 | 2,478 | 25, 498 
Lycia cognataria Guenée_____._-_-._-_- 0 0 0 28 3. 86 9] 5. 81 
Malacosoma americana Fabricius 4..__| 8,650 | 2,099 | 1,156 810 |13, 574 |10, 832 | 4,850 | . 966 | 42,937 
Malacosoma disstria Hiibner_________ 2, 620 278 57 207 302 848 679 688 | 5,079 
Mamestra adjuncta Boisduval.__-_-_- 0 11 6 5 1 4 0 4 31 
Mamestra legitima Grote___...-___-_- 0 2 6 5 3 3 2 2 23 
Mamestra picta Grote__..-------.--.- 206 584 840 9 291 166 118 18 | 1,682 
Melalopha inclusa Htibner--_-______- 0 0 0 & 261 456 257 45 | 1,069 
Nadata gibbosa Smith and Abbot__-- 0 2 3 0 8 7 0 12 32 
Notolophus antiqua Linné -___.___.- 8 6 99 21 8 0 7 106 249 
Olene basiflava Packard 5__-._______._ 10 | 2, 543 899 12 153 0 90 3] 3,210 
Glove spy Ge leith Vv lofi 0 0 0 1 0 0 0 0 1 
Paonias myops Smith and Abbot--_-_-- 0 2 0 20 0 59 5 19 | 105 
Papilio polyxenes Fabricius--_.__-__.- 35 49 179 8 71 20 62 42 466 
Papilio troilus Linné_____-2_--icL_L- 0 0 2 0 0 78 72 53 205 
Papiiadurnus Linn6é. --------- = 2 2 2 7 3 3 58 13 8 96 
Pheosia rimosa Packard ---______._-_- 0 0 0 1 0 16 5 1 23 
Phigalia titea Cramer_...-.-.----_.--- 896 527 54 8 3 6 1 15 |. 1,010 
Phlegethontius quinquemaculata Ha- 
woruBel ys OT rrr. ch i o2s 3 89 19 1 202 109 6 37 526 
Pholus achemon Drury-.-_----------- 0 0 0 0 0 1 0 0 1 
Plathypena scabra Fabricius_________ 0 0 0 0 237 1 1 0 239 
Plusiodonta compressipalpis Guenée_-|..-...-|_------]L------|-------|----- ee NS LOIS (aR |S SU 
Polygonia comma Harris__--_________- 1 0 0 0 0 0 0 0 1 
Polygonia interrogationis Fabricius --_ 0 6 0 79 266 10 7 0 368 
Pontia rapae Linné 6___._-____-__...-- 0 174 | 1,189 266 | 1,234 | 1,368 | 1,080 222 | 5,423 
Pertnewia dispar Binne 2077 St) Le coy a cee) ee anes ole ramels cee eee 
Pteronidea ribesi Scopoli___-__.-_.-_- 300 500 524 162 | 1, 980 552 521 | 1,684 | 6, 123 
Pyrophila pyramidoides Guenée_.__-- 0 24 3 9 0 10 59 
Binpophorafierids Guienéesj} ces teh secede ee ees eee re ie tte te 
Samia cecropia Linné_______.______-_- 4 7 31 2 8 3 12 74 
Schizura concinna Smith and Abbot--.. 86 449-\ 8,478 | 2,074 | 3,608 | 1, 995 498 187 | 12,364 
Schizura unicornis Smith and Abbot-- 0 3 1 4 1 4 4. 9 26 
Scoliopteryx libatrix Linné___--___-_- 0 0 0 0 2 3 0 i, 12 
Sphecodina abbotii Swainson.____.._- 0 13 13 9 13 14 10 12 84 
BOISIMAIN Ae oo yn took we 0 0 0 0 0 1 0 0 1 
Sphinx gordius Stoll_.....-..__.._£.__ 0 1 1 0 4 19 3 6 34 
Stilpnotia salicis Linné 7___.___._____. 0 0 0 0 0 627 0 0 627 
(hign ais i Ss a ee 0 0 0 0 0 83 66 3 141 
Telea polyphemus Cramer-_-..-.--_--- 12 3 18 3 2 2 3 2 45 
Tenthredinid larve’....-_---.------.- 0 150 216 25 153 805 47 181 1, 576 
Tenthredinid larve %__-_._..___. 2.2 2- 0 0 0 0 0 0 86 0 86 
Vanessa atalanta Linné__.-_.-...._..- 26 0 9 266 683 148 5 88 | 1, 219 
Vanessa huntera Fabricius_....-.__..- 0 1 0 1 18 26 3 7 55 
15, 619 |12, 601 |21, 118 |18, 630 /44, 382 |34, 168 |21, 894 |19; 377 |187, 789 


2 Collections of E. chrysorrhoea and P. dispar are not included in this table. These collections, number- 
ing several thousand larve, are made each year for various purposes and are handled by the laboratory force. 
+ Nearly 6,000 lary of H. cunea were received in 1921 and 9,000 in 1922, but the writers were unable to 


handle more than the number listed. 


4 Nearly 25,000 larve of this species were received in 1921 and 20,000 in 1922, but the writers were unable 


to handle more than those listed. 


4 Collections of O. basiflava include the hibernating larve of which 90 per cent died from unknown causes, 
6 Large collections of P. rapae were received at the laboratory during 1914 and 1915 but were used by Cul- 


ver (2) in his life-history experiments. 


7 Collections received during 1922 and 1923 were handled by the laboratory force, 


* Neurotoma fasciata Norton. 
§ Pteronidea coryla Cresson, 
; 
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The territory from which the collections were received is repre- 
sentative of the gipsy-moth area of New England, the bulk of the 
material, however, being from those sections about Melrose High- 
lands, Mass.; Bangor, Me.; Claremont, N. H.; Westerly, R. I., and 
Putnam, Conn. 


There are also collections (not included in the above summary) 


from the gipsy-moth territory in New Jersey. In this area there 
had been prior to 1921 no systematic introduction of parasites and 


the material obtained answers well for check purposes. These. 


collections are represented by over 125 species aggregating at least — 


10,000 larvee. 
CARE OF COLLECTIONS AND METHODS OF REARING 


Ordinary mailing tubes, 2 inches in diameter and 7 inches long, 
with screw tops, are used with great success for the shipment of 
material from the field. On receipt of the collections at the labora- 
tory the contents are sorted, identified if possible, and placed in 
receptacles for rearing. 

Various methods are used in handling the collections. In the case 
of known insects the task is easy since many species can be success- 
fully reared in pasteboard boxes or in covered trays. The frame- 
work of these trays is of wood, measuring 12 by 12 by 5 inches; the 
bottom is covered with cloth and can readily be replaced when 
necessary. All trays are furnished with tightly fitting glass covers 
which slip into a grooved top. Where there is any doubt as to how 
the species may best be reared, glass jars, supplied with earth, are 
used. 

Hibernating larve and species which pass the winter as pupz or 
prepupe are difficult to handle successfully. In caring for the hi- 
bernating larvee the best results were obtained from the use of Riley 
cages. For pupal hibernation, glass jars, galvanized-iron cylinders 
with bottoms of fine mesh wire screening, and wooden boxes of 
various sizes are used. These are partially filled with earth and the 
larve allowed to transform at will. The glass jars are either re- 
tained in the outside rearing cage or brought into the cellar of the 
laboratory, where they are not subject to extreme temperatures. 
The cylinders and boxes which have been successfully used are set 
in the earth as soon as the larve pupate, and covered with straw. 
Practically the same methods are used in caring for the tachinid and 
hymenopterous parasites. 


LIFE HISTORY AND HIBERNATING HOSTS 


Briefly, the life history of Compsilura concinnata is as follows: 
During the spring the last-stage larve issue from their hibernating 
hosts and pupate close by. Ten days or so later the adults appear. 
In New England there are two or more generations upon alternate 
hosts, the progeny of the last generation hibernating as larve within 
certain lepidopterous pupe. Spring emergence of the overwintering 
generation is variable, depending upon climatic conditions (Table 
2). During 1921 a few flies issued in April, whereas the material 
collected in 1916 gave no results in 1917 until June 11 and later. 
Most of the rearing records, however, which have been conducted 


SS 
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under natural conditions show a much earlier date of emergence. 
In the field, collections of adults range from May 1 to November 1. 


TABLE 2.—Showing the emergence of hibernating flies from their host pupe 
(natural environment )* 


Date of individual emergence Host Period of emergence 

1916 1 

TYG ep, IM hl 2) Bela eel ls ae Eine deat Deilephila gallii Rottemburg________-.___2-_____- 

Wii SEG BI 2 oe ce ae! Diacrisia virginica Fabricius__-__....--2___._._- June 3-12. 

LTTE F- 1 RE ae ee Lee Callosamia promethea Drury_-_-_____------___-- 
1917 

LYELED Hae 221 xb sli leet let lhe ean Mla a Arsilonche albovenosa Goeze___._-.---_----_____- 

Spies ere event ey ees yi rites Apatela brumosa Guenée____.__2..-----__-_____. June 11-15 

Urine: TELS 9 Us eae Hee Ee Apatela furcifera (Guenée___2- 2-222 ta 

MitHemMoseet elk eT TERA Ts Papilio polyxenes Fabricius_.______.___._-___-____ 

8 1918 a 1 

iggy 24 7 os eee Sarde lhe iacrisia virginica Fabricius-_______..__.___-__- \ ye 

June aa 2 REG ee Schizura concinna Smith and Abbot-=_-__-_____- May 24-June 6. 
1919 

TUES) Pi hes cess cdi Papen ENR gdm les ie Apatela furcifera Guenée___________-.__________- } 


May 27, 29, 31 
May 27, 28, 31 


Hyphantria cunea Drury__-_____--_---_- 
Apatela brumosa Guenée__________ 
Euchaetias egle Drury-_-_--___- 
Arsilonche albovenosa Goeze___- 
Pontia rapae Linné____________- 
Pheosia rimosa Packard__-_.___.______ 


ei May 27-June 10. 


Papilio polyxenes Fabricius___.__-.--__-_-2-_-_- 


PEST mre ee ee ere pes Se A! Hyphantria cunea Drury_--__-_--__-----___2--_- 
eae eer =) Ts Dap Sr ss Eagnies py Ous eae andvAbDbote ss wey sae i 
SRT IGE 1S pe eet cee eee a ontiarapac Minmes lio ei awn \ 
Wiiye ieee priest PLE Pea Arsilonche albovenosa Goeze_________-_-_______- Apr. LeMay 28. 
iy L802 a ees. See Apatela furcifera Guenée_________---_-_-_____-_- 
Wee eae een ae RISE A Apatela americana Harris______._-_._-____--___-- 
Way 3 DAs tors, feb tb epee ton ons Estigmene acraea Drury-_--.--.------------__-- 
1922 
IMD. pe ee, et Histigmene acraea Drury. —6is) 2) ee 
Way PASTING Leet et AA BAe Buchaetias egle Drury _ 2222200 222 2a May 1-June 10. 
Mig tbsep has} 2) soy ‘Thanaos' sips -ayyete. ase SP Rh 


1 No hibernating records for 1920 were obtained. 


There are other records of Compsilura being reared from over- 
wintering pupe of Diacrisia virginica, Callosamia promethea, 
Mamestra picta, Mamestra legitima, Ampelophaga myron, Papilio 
troilus, Sphinx gordius, Paonias myops, Apatela americana, and 
Deidamia inscriptum, but since these are all laboratory records, the 
rearings having taken place under artificial conditions, no mention 
is made of them in the table. Schizura unicornis, which overwin- 
ters as a prepupa, has also given Compsilura under laboratory con- 
ditions. Among the hosts recorded by Culver (2, p. 5) are two spe- 
cies, Plusiodonta compressipalpis and a geometrid; the record of the 
former was dated April 7, 1913. Smith (8) records a rearing of 
Callosamia promethea, the. parasite issuing May 2, 1914. At West 
Springfield, Mass., in 1915, the same writer succeeded in recovering 
Compsilura from the overwintering pupa of Diacrisia virginica, 
two flies issuing May 12 to 15, 1916. The conditions under which 
the rearing took place are not known. 


STATUS OF HIBERNATING HOSTS OF COMPSILURA 


The abundance of Compsilura in the spring and consequently the 
degree of parasitism upon the brown-tail and gipsy moths are to 
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a great extent due to the abundance of its hibernating hosts.2. With 
two exceptions (Schizura concinna and S. unicornis), these host in- 
sects pass the winter in the pupal stage either above or below the 
surface of the earth. The majority of the species are solitary, 
although a few are gregarious, such as Hyphantria cunea, E'uchae- 
tias egle, and S. concinna, colonies of which are usually found each 
year in some locality or other. 

Arsilonche albovenosa, Diacrisia virginica, Mamestra picta, and 
Pontia rapae, although not strictly gregarious, are often found in 
large numbers. This is particularly true of P. rapae. Probably no 
native species has been received in such numbers and from so many 
localities as this insect. Asa hibernating host its status is doubtful. 
Occasionally a fly or two is reared, but considering the hundreds of 
overwintering chrysalids, the percentage of parasitism is negligible. 

Ampelophaga myron feeds on Virginia creeper and grape; it is 
solitary and is usually found in small numbers. This species is con- 
sidered common, although none had ever been received by the writers 
until 1920. It is single-brooded and hibernates as a pupa, and al- 
though the collections of this year were heavily parasitized by 
Apanteles congregatus Say, only a single specimen of Compsilura 
was recovered from overwintering material. 

Paonias myops, solitary usually but sometimes found in consider- 
able numbers on wild black cherry, appears to be of little conse- 
quence as a winter host. In the collections Trogus spp. (brullez 
Prov. and canadensis Prov.) and Apanteles smerinthi Riley assume 
prime importance as natural checks. 

Sphine gordius, of the same general habits as Paonias myops but 
with a more varied list of food plants, occupies about the same host 
status. 

Diacrisia virginica is without doubt the most favored overwinter- 
ing host yet recorded. It is common; a specimen is frequently 
found here and there and sometimes in the most unexpected places; 
still it has never been received in abundance. 

So much difficulty has been experienced in the rearing of Mamestra 
picta that the records are far from complete. The larve are 
gregarious in the first three stages at least, after which they disperse. 
The species seems particularly subject to disease and the hibernating 
pupe nearly always succumb. If disease is as prevalent in the field 
as it is in the trays, the chances are slight of its being of much im- 
portance as an overwintering host. 

Callosamia promethea has been abundantly received from Rhode 
Island and Connecticut as cocoons and only upon a few occasions 


® That a higher percentage of parasitism upon the gipsy moth could be reached in an 
area where there is a mixed infestation of gipsy and brown-tail moths is not borne out by 
the parasite records. A careful study of these records over a series of years when one or 
both of the species were present indicates that a very small percentage of the flies issuing 
from the brown-tail moth are able to attack the gipsy moth. The few that do must 
necessarily prey upon larve of the last stage and here success would not be at all certain. 
It is doubtful, even though a considerable number of this first generation attacked the 
gipsy moth, whether their presence could offset the lost efficiency of the parent fly caused 
by the drain on its reproductive capacity in its attack upon the brown-tail moth. Accord- 
ing to Culver (2, p. 9), all that can be expected of Compsilura is an average progeny of 
about 100. Naturally, in a mixed infestation, the parasite would attack the first host 
that made its appearance. This would be the brown-tail moth. Finding the larve abun- 
dant and favorable, it would prey upon this host until the appearance of the gipsy-moth 
larve two weeks or so later. By this time its reproductive capacity would have been 
reduced by the extent of its attack upon the brown-tail moth, and consequently it would 
be less effective against the gipsy-moth larve. ; 
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has it given forth Compsilura. Whatever may be its status as a sum- 
mer host, it is certainly of minor importance as a hibernating one. 

There is only one record of an abundance of Papilio polyxenes. 
_ Usually the larve are solitary. A great many adults have been reared 
and Compsilura often secured. The collections indicate a partial 
second generation, the insects passing the winter as chrysalids. 
P. troilus is seldom of economic importance and is similar in its life 
history to P. polyxenes. Undoubtedly it is common, although collec- 
tions have been received only during the last three years. It is one 
of the most acceptable hosts; and, were it not restricted to certain 
food plants (sassafras and Lindera), it would rank high in impor- 
tance as a hibernating host. Collections totaling 65 larve made dur- 
ing September, 1920, gave 24 adult Compsilura the following 
spring—a record for hibernation far ahead of any other met in the 
writers’ studies. As many as five individuals have been known to 
winter successfully in one host chrysalid. 

Apatela furcifera and A. brumosa are strictly solitary and, al- 
though never plentiful, seem constant in their appearance each year. 

There is great difficulty in satisfactorily determining the species 
of the genus Thanaos, and so the larvee have been separated according 
to their food plant. It is only those species which feed upon the oaks 
that are of immediate concern. Adults, identified as 7’. juvenalis 
Fab. and 7. horatius Scud. and Burg., were reared from these collec- 
tions. Some of the species have at least a partial second generation 
and the larve are found in the field from July to October. Though 
solitary, they are sometimes found in abundance. Compsilura has 
been reared from larve collected in August, the parasite issuing a 
few weeks later and also on two occasions from larvee collected in the 
fall, the parasite issuing the following spring. The host value of the 
entire group is uncertain. 


GENERATIONS OF COMPSILURA 


As will be seen by reference to Table 2, the time of emergence of 
Compsilura varies from year to year. Doubtless this factor is greatly 
influenced by climatic and environmental conditions as would also be 
the number of generations. However, in order to estimate the field 
appearance of the various generations, there must first be chosen 
what seems to be an average year. For this purpose, let us say that 
the period of emergence for the first generation extends from May 
24 to June 15. Allowing an 18-day longevity period for the adults,* 
this would extend the range of the first generation to July 3. Grant- 
ing 30 days for a second generation and a longevity of 18 days for 
the adult, we would then have flies of the second generation from 
June 24 to August 22. At the time of the first emergence of the 
individuals of the second generation, there are still many adults of 
the first generation in the field. Thirty days later (July 24) adults 
of the third generation would begin to appear, and it is perfectly 
possible that stragglers of this generation would be found as late 
as October. During an extremely mild season a partial fourth gen- 
eration, the adults of which would issue August 24 and later, is not 
at all unlikely. 


*Culver (2, p. 16) found that the fertilized females would live for an average of 18 days 
piper dora and that mated males would live a few days longer. Unmated flies lived 
a sho me. 
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The range of Compsilura and the overlapping of generations may 
be given as follows: First generation, May 24 to July 3 (40 days); 
second generation, June 24 to August 22 (59 days); third genera- 
tion, July 24 to October 1 (69 days); fourth generation, August 24 
to November. 

For the most part it is the progeny of the second to fourth genera- 
tions that hibernate, for it is rarely that a collection made before 
September 1 gives Compsilura in the spring. There are exceptions, 
however, one collection being dated August 22. 


STATUS OF SUMMER HOSTS 


During the latter part of May and the early part of June, Comp- 
silura finds at hand a good many insects favorable for its develop- 
ment. The flies that issue first attack the hosts then accessible, and 
the flies that issue later attack not only those but many more. In 
Table 3 are listed the known hosts of Compsilura, the horizontal 
black line indicating the presence of host larve in the field at the 
time when they are subject to the attack of the parasite. The records 
indicate that, although Compsilura may successfully attack early- 
stage larve, the intermediate stages are more acceptable. 


TABLE 3.—Host list of Compsilura concinnata, showing the field appearance of 
the insects based upon the larval collections received at the gipsy-moth 
laboratory % 


Hosts May | June | July | Aug. | Sept.| Oct. | Nov.| Dec. | Jan | Feb. A peace 


Aglais milberti Godart____- Fa ee 
Alypia octomaculata Fab- 
GL CLUS ee aa A | ——_ 


Anisota senatoria Smith | 

and Abbot____-__2___.2_- 
Anosia eis Linné: ---| 
Apatela americana Harris__| 
Apatela furcifera Gueneé___ a 
Apatela brumosa Gueneé__| pall 
Apatela spi.) ery ie 
Arctiid Jarvee_ =... = | 


wee wn ee ew nn | ee penn - ee e+ | - - - - - - |---| eee 


Automeris io Fabricius____- 
Basilarchia archippus | | 
@rameriis, SUT fOr Pe Sat Sr) Ya 2 


Basilarchia astyanax Fab- | 


Callosamia promethea | 
ID) FUT ye eee ee es 
Calpe canadensis Bethune_| __|____! 
Catocolaisp: a Sea See | See 
Cerura occidentalis 


Charidryas nycteis Double- 

day and Hewitson_______|____|__ 
Cimbex ainericana Leach __ Ba 
Cingilia catenaria Drury__- BEES 
Cirphis unipuncta Ha- 


Autographa brassicae Riley M2 
WOr Chie ssn eee en eee ee 


RIK CE ae eee ed 


Croesus latitarsus Norton_- Beer . 

2 Period in which hosts are subject to attack; -.------ period of hibernation (indicating hibe- 
nating hosts from which Compsilura has been reared). Adults of Compsilura concinnata issue from 
hibernating hosts April to June. 


HOST RELATIONS OF COMPSILURA CONCINNATA 


TABLE 3.—Host list of Compsilura concinnata, et¢e.—Continued 


Hosts 


Datana angusii Grote and 
Hobinsonel ——---- = |. 


and Robinson._-.....-..- 
Datana major Grote and 
tGniispner sie y) - 2h 


Datanaministra Drury___.| - 


Datana ~»pétspicua Grote 
and Robinson___________. 
Deidamia inscriptum 
IS ENg kal es oe a 


Deilechiia lineata Fabricius 
Diacrisia virginica Fab- 


Ennomos subsignarius 
iris 5 ee 


Estigmene acraea Drury_-- 

Euchaetias egle Drury_-_--_- 

Eugonia j-album  Bois- 
duval and Leconte_______ 


Euvanessa antiopa Linné__ 
Evergestis straminalis 

LE GT |Si( De Bee rae a ee 
Halisidota caryae Harris___ 
Halisidota tessellaris Smith 

SOA pies 22 Foe 
Hemaris thysbe Fabricius_-_ 
Hemerocampa leucostigma 

Smith and Abbot________ 
Hemileuca maia Drury____- 
Heherepampa guttivitta 


Hydria undulata Linné___- 
Hyphantria cunea Drury-_-_ 
Lycia cognataria Gueneé__- 
Malacosoma americana 
MapKICiise oe eth SS 


7 TE) ae 8 ae ee 
Mamestra legitima Grote- 2 
Mamestra picta Grote._.... 
Melelopha inclusa,. Hiibuer: 
Nadata gibbosa Smith and 

Ope bb a oS 
Notolophus antiqua Linné_ 
Olene basiflava Packard_.__| 
UNCLE Le ie Ta I 
anne myops Smith and 
Papilio polyxenes Fabricius 
Papilio troilus Linné______- 
Papilio turnus Linné______- H 
Pheosia rimosa Packard____| 
Phigalia titea Cramer_____- 
Phlegethontius quinque- 

maculata Haworth ...._- 
Pholus achemon Drury-.-- 
Plathypena scabra Fabri- 


Plusiodonta compressipal- | 
pis Guenes..2-.-2...24--. 
Polygonia comma Harris__- 
Polygonia interrogationis 
EP ICANIG wish Nn ts a. aod ae 
Péntis rapae Linné.._..__- 
Portherla dispar Linné_.-- 


Pteronidea ribesi Scopali_.|-___ 


July 


Aug.|Sept.| Oct. 


Noy,| Dec. | Jan. | Feb. | Mar.| Apr. 


ween wel ocee- 


eee errs 
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TABLE 3.—Hosi list of Compsilura concinnata, ete.—Continued 


Hosts : May | June} July | Aug. | Sept.| Oct. | Nov.| Dec. | Jan. | Feb. | Mar.| Apr. 


Rhodophora florida Gueneé Lee a 
Samia cecropia Linné------ ea PE, SV a) PACER 5 pre 
Schizura concinna Smith 
and Abbotees 20s es Sf ee Ee ee enon | ete ealee chee) ee ee 
Schizura anieornis Smith 


an Ov — |__| ——_|_- - -- - | - - ----| ------|------|------|---.--/--.-.- 


Scoliopteryx libatrix Linné_ panes) ENO Se 
Sphecodina abbotii Swain- 
SONS AHS sale a eee eat S| eee Sh es 
Sphingid larve__--_------- — 
Sphinx gordius Stoll_..---.- [a | ee | fell Sasa ea sae|beeces) ooo 222 
Stilpnotia salicis Linné__-_- bi oneal tee HEE 
Telea polyphemus Cramer-_ RS foe EEE S| 
Pteronidea coryla Cresson__ ne ES 
Neurotoma fasciata Norton_ 7s i ee: Pe 
Vanessa atalanta Linné-__- Fabel A Boh Sate 2 
Vanessa huntera Fabricius_ Ferme Pa | OE fee ee ee 


There is a great variety of insects among the summer hosts of 
Compsilura. Three orders are represented and in the Lepidoptera 
18 families are included. ‘The species attacked are widely divergent 
in habit as well as in external appearance. Apparently there are 
no distinguishing characters peculiar to the host insect. Just what 
means Compsilura uses to select its host is not known. It is possible 
that it has no sense of discrimination. Experiments positively show 
that year after year it will attack hibernating brown-tail moth 
caterpillars without the least chance of survival. The same behavior 
has been observed in its relation to Olene basiflava. During the 
winter of 1922 C. F. W. Muesebeck of the gipsy-moth laboratory, 
while dissecting some of the overwintering larve of O. basiflava, 
found a single hibernating larva of Compsilura. It seems certain 
that the parasite would here meet the same fate as it does in its 
attack upon the brown-tail moth, but since the writers have been 
unable successfully to rear many of the overwintering larve of the 
host there are insufficient data to settle this point. It is probable 
that in most cases the death of the parasite is due to the lack of cor- 
relation between the host and the parasite; that is, in the spring, the 
development of the parasite exceeds that of its host, thereby result- 
ing in the death of both (7, p. 220). Culver (gipsy-moth laboratory 
records) found in his laboratory experiments that, although Comp- 
silura would in many instances larviposit upon the last-stage cater- 
pillars, the results were seldom successful. He found that the silk- 
worm (Bombyx mori L.), when attacked in the advanced stages, 
would often complete its cocoon and the parasites reaching the adult 
stage would be unable to escape therefrom. He also noted larviposi- 
tion on a chrysalid of Pontia rapae which achieved no results. There 
are other records of attempted larviposition upon lepidopterous 
pupe, all of which resulted in failure. In the laboratory experi- 
ments, larvee of several species have been attacked, but no progeny 
obtained. It is these facts which lead one to believe that Compsilura 
uses but little discrimination in its choice of hosts and that it will 
waste much effort in futile attack upon an unsuitable one. 


‘ HOST RELATIONS OF COMPSILURA CONCINNATA di 
LIPARIDAE 


_ Among the host. insects readily accessible to Compsilura in the 
spring are species belonging to the family Liparidae. Two of these 
in particular, the brown-tail moth (H'uproctis chrysorrhoea L.) and 
the satin moth (Stilpnotia salicis L.), are species hibernating as 
larve and periodic in their abundance. Both of these insects seem 
to be firmly established in Massachusetts. Although chrysorrhoea 
has seyeral introduced tachinid parasites of importance, it would 
appear that salicts has none of consequence except Compsilura. 
Without doubt these species are primary hosts. ' : 

The remaining species, the gipsy moth (Porthetria dispar L.), 
the white-marked tussock moth (Hemerocampa leucostigma S. and 
A.), and the rusty tussock moth (Votolophus antiqua L.), hibernate 
in the egg stage. As Compsilura does not habitually attack larvee 
that have not reached the third stage, its attack upon these species 
is somewhat later than upon those liparids which hibernate as larve. 
In abundance, P. dispar exceeds all of the others by far, and for this 
reason would naturally be the most advantageous host for Compsi- 
lura. Because of the great number of this host, Compsilura need 
waste no time hunting for a more suitable one, but attacks this 
species with a vengeance. With such an abundance of favored host 
material, it follows that Compsilura could reproduce at. best and 
increase in such proportions that there would be at the close of the 
gipsy-moth season the maximum number of individuals in the field. 
This is most fortunate, for from now on there is no general infesta- 
tion of insects to replace the gipsy moth and Compsilura must. seek 
out its host.2 At times, naturally, there might be in certain localities 
an ample supply of favored ones, but more often it would be a case 
of finding a solitary or at least a less abundant species. On the other 
hand, it may be that because of the fact that there are so many 
Compsilura in the field the hibernating hosts in and adjacent to a 
heavily infested area are eventually reduced to a minimum, thereby 
causing a shortage of winter hosts. Since the amount of parasitism 
of the gipsy moth by Compsilura is governed largely by the abun- 
dance of the first generation, less parasitism should be expected in a 
heavily infested area. An apparent corroboration of this reasoning 
appears in the parasite records of the gipsy moth laboratory, which 
show that the high percentages of parasitism are invariably from 
the lightly infested areas. In the opinion of the writers, this con- 
clusion is not justified by the facts, the records merely representing 
a percentage method of reckoning. Jt seems certain that there is an 
equal distribution of Compsilura over the entire infested area (fluc- 
tuations from year to year in certain localities, due to various causes, 
excepted) and that if the number of parasites, were based upon the 


*A factor of considerable importance pertaining directly to this subject is that of the 
dispersion of Compsilura. For seyeral reasons the collections of native larve examined 
by the writers shed but little light on this point. Culver (2, p..7) places the spread of 
Comfpsilura at approximately 25 miles per year, basing his claim upon scouting and larval 
collections, rather an unsatisfactory way to obtain notes on the dispersion, but neverthe- 
less about the only data there are to go by. ‘Tothill (9, p. 39) found Compsilura 8 miles 
away from the colony site two weeks after liberation. This definite record, together with 
Culver’s deductions, would indicate that the tachinid was a strong flier and that under 
certain conditions ». yearly spread of 25 miles might be expected. 
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proportionate number of larve per locality the ratio would be 
approximately the same. ; 

Hemerocampa leucostigma and Notolophus antiqua are apparently 
double-brooded. Larve of these species can be found in the field 
from June until October. The periodic abundance of the former, 
usually during the latter part of July, makes it a very desirable 
host. JV. antzqua is not at all common but what collections have been 
obtained usually gave forth a few specimens of Compsilura. Stud- 
ies made by the ‘writers indicate that it also is a desirable’ host. 
There are but few insects among those studied where the competi- 
tion between the tachinid parasites is so keen as in Hemerocampa 
leucostigma. From data secured by Wooldridge ® in 1910 we find in 
H. leucostigma, besides a great number of hymenopterous parasites, 
seven species of Tachinidae:* Compsilura, Phorocera claripennis 
Macq., Tachina mella Walk., Frontina aletiae Riley, Frontina fren- 
chu Will., (Kxorista) Zenillia amplexa Coq., and Winthemia quad- 
ripustulata Fab. Of these tachinids the first four species were the 
more numerous. The following year collections were again made 
from this locality with similar results. 

No collections were received at the laboratory from 1912 to 1915. 
In 1916 several small ones were sent from Westerly and Newport, 
R. I. Only one species of Tachinidae was recovered, Compsilura 
concinnata. In 1917 five collections were received from points in 
Rhode Island and Connecticut and from these were reared 14 Comp- 
silura and 2 Zenillia amplexa. 

The infestation of Hemerocampa leucostigma at Westerly, R. L., 
reached its height in 1918, and from seven collections of material 
sent from this locality there were reared, besides Compsilura, a few 
Tachina mella, Frontina aletiae, Phorocera claripennis, and several 
unknown larviform puparia. The parasites obtained in 1918 were 
somewhat similar to those secured in 1910 and 1911. The native 
tachinids were far less abundant, however. 

Owing to the great decrease in the infestation at Westerly, R. L., 
in 1919, only two small collections were received from there that 
year. These collections gave forth 10 Compsilura and 1 specimen 
of Frontina frenchii. It was not until 1920 that there was really 
an abundance of the species around Boston. The results of the 
rearings of this year were not sufficient to check the findings of 
1910, but they show clearly that Compsilura was the most efficient 
tachinid parasite present.. In fact only one specimen’ of native. 
Tachinidae was obtained—Phorocera claripennis. 

In 1921 there was a small outbreak of Hemerocampa leucostigma 
at Everett, Mass., near Boston. A collection of over 500 larve of 
various stages was received at the laboratory, and from these were 
reared 4 specimens of A panteles melanoscelus Ratz. and 68 tachinid 
puparia. These puparia were all Compsilura. 

The following year collections were again made in the same local- 
ity. Over 1,000 larve of various stages were collected, and from 
these were reared two species of Hymenoptera and 67 Compsilura. 


® Gipsy moth laboratory notes. A large outbreak of Hemerocampa leucostigma 
occurred around Boston, Mass., in 1910 and 1911. Many collections of material: were 
received at the laboratory and considerable data concerning the parasites were obtained. 
With a single exception (Compsilura), these tachinids were the same species as those 
reared by L. O. Howard at Washington, D. C., in 1897 (6). 
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Later a collection of 171 larve was obtained, but no tachinid parasite 
other than Compsilura was reared. It was not until a small collec- 
tion of five last-stage larve was received on September 20 that any of 
_ the native tachinids were recovered, two specimens of Phorocera 
claripennis being bred. 

The results obtained from the collections secured at Brooklyn, 
N. Y., and Philadelphia, Pa. (1921-22), are interesting. The tachi- 
nids recovered from this material were the same species as those bred 
at the laboratory in 1910 and 1911. Furthermore, with hardly an 
exception, the relative importance of each species was similar. The 
similarity of records is probably due to the conditions existing; that 
is, a heavy infestation and the absence of Compsilura. 

It is obvious from the records that in a territory where Comp- 
suura is established a light infestation of Hemerocampa leucostigma 
is comparatively free from native tachinid parasites. Such a condi- 
tion would hardly exist, however, were there not some interference 
from the exotic parasite. To what extent this interference reaches is 
problematical, but two things seem assured: (1) There is no excessive 
parasitism by the native species in localities where the introduced 
parasite is absent, and (2) the host species must be materially 
affected by the presence of this additional enemy. 


LASIOCAMPIDAE 


The lasiocampids Malacosoma americana Fab. (the tent caterpil- 
lar) and Malacosoma disstria Hiibn. (the forest tent caterpillar), 
although close relatives of the liparids and having some points in 
common, are among the most unfavorable of hosts. Their appear- 
ance in the field during May and early June, when there is not an 
overabundance of insect larve of sufficient growth for the early 
issuing Compsilura, would lead one to believe them most desirable. 
Such is not the case, however, for hundreds of larve of both species 
have given forth but few parasites. 

It is difficult to explain why Compsilura so steadfastly ignores 
these species. In the case of Malacosoma americana, where the 
species is of the tent-making kind, some interference might be ex- 
pected on account of this habit; but when the same species is isolated 
and used in laboratory experiments the results are likewise negative. 
Reproductive experiments, using the tent-making arctiid Hyphantria 
cumea Dru. (the fall webworm) as a host, have proved that far better 
results can be obtained under laboratory conditions, where the larve 
are not allowed to web up, than can be obtained from field collec- 
tions. The field collections nearly always result in failure as far as 
Compsilura is concerned. It seems clear, in the latter case at least, 
that the web must offer considerable protection to the larvee within 
it. M. disstria, which does not make a tent, has a much better host 
value than M. americana. 

Another species of this family, Hpicnaptera americana Harr., 
appears in the field at a later period and the larve are frequently 
found during the last of August. Unlike the species of Malaco- 
soma, this insect is solitary and is never found in abundance. Its 
value as a host species is dovibetull 
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‘NYMPHALIDAE 


The family Nymphalidae offers the greatest number of host in- 
sects. Species of the genera Polygonia, Eugonia, Charidryas, 
Euvanessa, Vanessa, Aglais, and Basilarchia have all given forth 
Compsilura. With the exception of Basilarchia and Charidryas, 
which hibernate as larvee, the life history of these hosts is similar. 
All except Charidryas nycteis are double-brooded, or at least have a 
partial second generation, and are to be found in the field from early 
spring until late fall. The larve are, for the most part, gregarious, 
in the early stages, at least. 
In this group are to be found the most constant alternate hosts and 
in some respects the most favored. In percentage of parasitism the 
rate here is as high as in any other group: In the future other 
species of this family will no doubt be found to harbor Compsilura. 
It is useless to speculate, however, on the host possibilities of any 
species of a given group, for no matter how closely the hosts are 
allied, they may be unsuitable. For instance, among the arctiids. 
we find favored hosts, such as Diacrisia virginica and Estigmene 
acraea, and on the other hand we find species of little or no host 
value, such as Hyphantria cunea, Phragmatobia fuliginosa, and 
Isia isabella. | Si yi 

In behavior there is some variance. Huvanessa antiopa L. always 
remains in a colony until the time of pupation and is usually found 
high above the ground feeding on willow, elm, poplar, and birch. 
Eugonia j-album and Polygonia interrogationis do not remain gre- 
garious for so long a period; otherwise their habits are much the 
same. 

One of the most conspicuous examples of competitive parasitism 
occurs in the spiny elm caterpillar (Huvanessa antiopa L.). Ceol- 
lections of this species have been constant and, for, one year in par- 
ticular, abundant (Table 1). Nearly all of the larve received were 
in the last stage. It is doubtful whether we have any other species 
where there are more data available for studying the relationship 
which Compsilura bears to a single competing tachinid than in this 
species. Material has been reared in bulk collections and as indi- 
viduals. ‘The results have been studied from every angle, and yet it 
is exceedingly difficult to draw any definite conclusions. . Facts ascer- 
tained from one year’s data and corroborated by a second, or,in some 
cases by a third, are contradicted by the results of the fourth. Con-, 
ditions are so entirely different each year that it is useless to attempt 
to arrive at average results. ‘The two tachinids playing such an im-. 
portant part in'the control of this species are the native tachinid, 
Pelatachina pellucida Coq., and Compsilura.. The former has but a 
single generation and appears to be peculiar to this host alone. | 

Not the least of our difficulties in estimating value of these para- 
sites is the great amount of superparasitism which occurs; among 
them.* This is still further complicated by a good deal of multiple 
parasitism.® Nearly one-half of the collections received during the 
eight years of study is subject to the latter phase of parasitism. It 


’The term “superparasitism” is used to indicate that nrore than one parasite of a 
single species attacks the individual host. 

®*The term “multiple parasitism ’’ indicates that two or more different species of 
primary parasites attack the same individual. 
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varies in degree from year to year and is shown by the following 
examples: 1 larva gave 1 Compsilura and 1 Pelatachina; 1 larva gave 
3 Compsilura and 1 Pelatachina; 1 larva gave 5 Compsilura and 1 
- Pelatachina; 1 larva gave 2 Compsilura and 2 Pelatachina; 1 larva 
gave 1 Compsilura and 2 Pelatachina. 

From material reared in bulk, 61 larve gave 67 Compsilura and 75 
Pelatachina; 100 larve gave 69 Compsilura and 15 Pelatachina; 52 
larve gave 70 Compsilura and 29 Pelatachina; 80 larve gave 7 
Compsilura and 107 Pelatachina. 

The aggregate of superparsitism far exceeds that of multiple 
parasitism. Individual rearings have shown as many as 4 Pelata- 
china to a single host and with Compsilura as many as 6 per host. 
Other collections from which Pelatachina alone was reared furnish 
striking examples of this sort of parasitism; 5 larvee gave 15 Pelata- 
china; 89 larve gave 90 Pelatachina. . 

There are similar records for Compsilura, some of which are as 
follows: 8 larve gave 23 Compsilura; 10 larve gave 50 Compsilura; 
41 larve gave 108 Compsilura. . 

The presence of a hymenopterous parasite (Hyposoter n. sp.) 
makes the problem still more intricate. Frequent rearings of this 
species were obtained during 1915 and again in 1919. In 1921, five 
cocoons were obtained and from these adults were secured in the 
spring of 1922. This species hibernating in its cocoon is one of the 
most difficult to rear to the adult stage. 

The conclusions drawn from the records of the writers indicate 
that the presence of Compsilura is not detrimental to any great ex- 
tent to the native tachinid. It is realized, of course, that there is a 
considerable amount of duplicate parasitism and that the native 
tachinid may suffer somewhat through the aggressiveness of Comp- 
silura. On the other hand, the records show that Pelatachina 
emerges at least two weeks and, in most instances, three weeks before 
Compsilura; it is no doubt owing to this fact primarily that it is 
able to compete successfully with the introduced parasite. It is 
probable that during this period, while its attack is unhampered, its 
effectiveness is most pronounced and that by the time Compsilura 
appears the development of its progeny has progressed to such a de- 
gree that it is in no way affected by that species. Furthermore, the 
fact that Pelatachina is single-brooded and has never been recovered 
from the collections of Huvanessa antiopa made in summer months 
adds much to the credit of Compsilura. The records show that the 
most that can be expected from this species (Pelatachina) is its 
check upon the first generation; and, as the host species may be found 
in the field up to October, it would therefore be allowed to increase 
without restraint as far as that species is concerned were it not for 
Compsilura.? 

Polygonia interrogationis Fab. is an excellent host. It is of little 
economic importance, and is usually found in small numbers on the 
elm. In New York, it is somewhat injurious to hop vines but is be- 
lieved to be held in check by the chalcis fly Pteromalus vanessae 


” Collections received, from places outside the Compsilura territory, made during a 
perlog of two years, aggregate over 1,000 larve. From these collections Pelatachina has 
requently been reared, but on two occasions only has any other tachinid been obtained. 
This species, Phorocera claripennis Macq. (two individuals reared), is of apparently little 
importance in its relation to YZ. antiopa. 
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Harris (5, p. 213). ‘The writers have never succeeded in rearing this 
parasite, but they have obtained records of two Hymenoptera, Am- 
blyteles caliginosus Cress. and Hoplismenus morulus Say. 

The species Aglais milberti, Vanessa atalanta, Vanessa huntera, 
and Polygonia comma are nearly always found just a few feet above 
the ground, feeding om nettle and everlasting. ‘The two former 
usually feed in colonies, the two latter are-apparently not.so. gregari- 
ous. All are favorable hosts. 

In its struggle with the native tachinids, there is little fear that 
Compsilura may not be fully capable of taking care of itself; but 
it is less certain that it can successfully compete with certain 
Hymenoptera. In the collections of Aglais milberti (1917, 1918) 
there are but two parasites of importance, the hymenopteron 
Apanteles atalantae Pack. and Compsilura. A. atalantae is gre- 
garious and is reared more frequently than the tachinid. The latter, 
however, breeds freely upon this host, and it is a frequent occur- 
rence to rear five or six from a single individual. A few rearing 
records showing the best examples of superparasitism are as follows: 

From a collection of 143 larve, 34 were killed by Apanteles ata- 
lantae, and from the remaining larve (109) there were reared 310 
Compsilura. No adults of Aglais:milberti were secured. From a 
collection of 101 larve, 74 were killed by Apanteles atalantae and 
from the remaining larve (27) there were reared 41 Compsilura. 
A single adult Aglais milberti issued. From 19 larvee, there were 
reared 53 Compsilura. No host adults issued. From 26 larve 
there were reared 40 Compsilura. No host adults issued. 

Of the two parasites, Compsilura and Apanteles atalantae, the 
latter has much the advantage, because of its ability to attack the 
host in an earlier stage. It is probable that, if any parasite which 
is capable of attacking the early-stage caterpillars should compete 
with Compsilura, the latter species would be the loser. This is the 
case as regards A. atalantae, for here there is a considerable number 
of progeny already well advanced in development before the host is 
subject to the attack of Compsilura. It is assumed that if the host 
already parasitized by A. atalantae was in turn attacked by Comp- 
silura there would be but little chance for its development, since the 
parasites would crowd it out. This opinion is strengthened by the 
absence of multiple parasitism in this species. A. atalantae attacks 
the larva in the first and second stages only. This habit, as pre- 
viously noted, has its advantages; and yet, because of it, those indi- 
viduals which have reached the third stage and have escaped the 
attack of that parasite are free to develop without apparent check.™ 
It is from the third stage on that Compsilura proves its worth; and, 
although it probably wastes many of its progeny in futile attempts 
at parasitism on some already parasitized host, it nevertheless ac- 
complishes its purpose and must be credited with a considerable 


' amount of parasitism. 


Vanessa atalanta L., a species closely allied to Aglais milberti 
and similar in habits and behavior, is at times heavily parasitized 
by Compsilura. For example, a collection of 25 last-stage larve 
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This fact, and also taking into consideration the rearing of a few specimens of 
(Hazorista) Zenillia futilis O. S. and Winthemia quadripustulata Fab., would perhaps 
indicate some interference from Compsilura. - 
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was received from Deering, N. H., July 30, 1915, and from them 20 
Compsilura were obtained. No other parasites were reared; and, 
since this was the only collection obtained during 1915, there are 
very few data concerning the species for that year. No material 
was collected in 1916, and only 9 specimens received during 1917. 
The species was plentiful during 1918, 1919, and 1920, being espe- 
cially abundant in 1919. The position occupied by Compsilura in 
its relation to this species is about the same as in A. mélberti, except _ 
that it is still more complicated by the presence of two native 
tachinids (Frontina archippivora Will. and [EF zorista] Zenillia 
futilis O. S.). The hymenopteron A panteles atalantae Pack. is pres- 
ent in considerable numbers, but the true struggle les between 
the tachinids themselves. There is little to guide us in determining 
the status of /. archippivora. From 25 collections, this species was 
bred from but 4, and, except in the case of 1 collection, only 5 
specimens were recovered. ‘The exception, however, proves some- 
what confusing, as in this instance 17 flies were reared from 16 
larve. Biologically, the species is distinct from the other two, its 
method of reproduction being that of oviposition on host. The 
writers’ records indicate Anosia plexippus as its primary host, 
although Coquillett (7 p. 15) lists it from seven others, among 
which are two species of the genus Vanessa. Eliminating Frontina, 
the contest narrows to (Fxorista) Zenillia futilis and Compsilura; 
and, although there were many more Zenillia reared in 1919 1”, the 
results of the year previous were much in favor of Compsilura. 
Parasite summaries of 1918 show five times as many Compsilura 
as Z. futilis. ‘The 1920 results resembled those of 1919, showing 
but one record of Compsilura. Apparently Compsilura has the 
worst of the argument and the explanation may he in its biology. 
Z. futilis belongs to the masiceratine series (species whose repro- 
ductive habit is leaf oviposition of microtype eggs), whereas the 
method of Compsilura is larviposition. The latter species is double- 
brooded and has a number of hosts. In the species belonging to 
the first series the capacity for reproduction is enormous, the uterus 
usually containing hundreds of eggs, whereas Compsilura is far 
less fecund. Considering the method of reproduction of the former 
parasite, it is not surprising that it is able to work advantageously, 
particularly in this instance, where the host is gregarious, the larvee 
clustered together on a limited patch of nettle. Superparasitism is 
obvious in a few of the collections but multiple parasitism is rare, 
only one instance being recorded (Z. futilis and A. atalantae). 

é, haridryas nycteis D. and H. passes the winter as a larva and at- 
tains its full growth by the middle of June. Adults issue shortly 
thereafter and their offspring may be found from late July until 
the ensuing spring. The food plants are chiefly aster and goldenrod. 
All of the collections have been small and infrequently received. 
The species is probably of little host value, since most of the larve 
attain their full development so early in the spring, at about the time 
when Compsilura emerges. 


“From 22 collections of this species, Zenillia was reared from 17 and a total of 249 
puparla was obtained; Compsilura was present in 6 collections only and only 20 puparia 
were recovered. 
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‘Species of Basilarchia are distinct from any of the above both in 
larval appearance and in behavior. The species archippus Cramer 
is most commonly received, there being only a few collections of 
astyanax Fab. The food plants of the former are numerous, with 
poplar and willow most in favor. Like Charidryas nyctets, it passes 
the winter in the second or third larval stage, but not gregariously. 
‘The collections of the early-stage larve are exceedingly limited, but 
there are enough data to indicate considerable parasitism by Apan- 
teles limenitidis Riley. There is at least a partial second generation, 
and it is not uncommon to find full-grown larvae up to frost. 
Although of a solitary nature, B. archippus is constant in its appear- 
ance and is often found in large numbers. Since the larve in the 
last stages seem to be peculiarly free from insect enemies (there 
are no rearing records other than Compsilura), few species are better 
hosts; and, from the records, it is apparent that Compsilura has 
made the most of its opportunity. From a total of 81 collections, 
this parasite has been obtained from 35. Free from competition as 
it is in this case, it its not at all surprising to find a high degree of 
parasitism. Some rearing results suggestive of this are as follows: 
19 larve gave 48 Compsilura and 5 B. archippus,; 17 larve gave 34 
Compsilura and no B. archippus; 10 larve gave 17 Compsilura and 
no B. archippus, 3 larve gave 9 Compsilura and no B. archippus; 
12 larvee gave 21 Compsilura and 2 B. archippus, 16 larve gave 26 
Compsilura and no B. archippus. 

Obviously there is much superparasitism, and individual rearings 
have often registered from three to seven parasites per host. 


NOTODONTIDAE 


Insects of still another group, the Notodontidae, are to be classed 
‘with the favored hosts. ‘These insects commonly appear in the field 
in late summer and specimens can be found until cold weather puts 
-a stop to all insect activity. 

Species of the genus Datana (integerrima G. and R., méinistra 
Dru., major G. and R. , perspicua G. and R., and angusiz G. and R. ) 
are gregarious and have a variety of food plants. One species or 
another is usually abundant in restricted localities; and, although 
‘Compsilura is commonly reared during the fall, it ‘has never been 
reared from overwintering pupz.*® For some reason, there is great 
difficulty in rearing some of the Datanas and successfully overwinter- 
ing the pupx. This is particularly true of the walnut caterpillar 
(D. integerrima), a species common on black walnut. Because of its 
great abundance it is of especial interest as a host possibility, but 
owing to the heavy mortality of the larva when reared under artificial 
conditions, there are few data for judging its status. About all that 
can be said is that it has given one or more Compsilura for three 
years in five. It was from this host, too, that several Compsilura 
were reared in 1921, establishing a new dispersion record for that 
parasite.'* 


18 Since the above was written, Compsilura has been reared on two occasions from 
overwintering pups 

4A collestion of 200 fourth- stage larve collected at the gipsy-moth jintes anon at 
Greenport, L. I., August 16, 1921, gave five Compsilura in September, 1921 
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Heterocampa guttwitta Walk. and Heterocampa umbrata Walk. 
pass the winter as pupx. The former is periodic in abundance, the 
latter never so. It is, in fact, rather rare, only a few specimens 
- reaching the laboratory during the entire period in which collections 
were made. The food plants of both are chiefly maple and beech. 
Neither of the species is nearly so favorable as the Datanas. 

Melalopha inclusa Hibn. is a tent-making species and hibernates 
asa pupa. The species feeds on willow and poplar and has been re- 
-celved in abundance during the last three years. Frontina frenchii, 
Eulimnerium validum Cress., and Apanteles sarrothripae Weed 
seem to be its chief parasites. The species has given Compsilura 
several times but it can not be considered highly as a host. 

Pheosia rimosa Pack. is solitary; its food plants are willow and 
poplar. It is uncommon and only during the last year have there 
been received any good-sized collections. It has about the same status 
as the species of Heterocampa. 

Laryve of the red-humped caterpillar (Schizura concinna S. and 
A.) are found in the field from July to October. This species hiber- 
nates in the prepupal stage under leaves and rubbish. Its food plants 
are varied, apple, birch, willow, and bayberry bein® much favored. 
It is common in many localities and is one of the insects most con- 
stantly received. It is at times much favored by Compsilura as a 
summer host, but is of little consequence as a winter one. It has on 
‘one occasion, however, given Compsilura in the spring. 

In Schizura concinna, Compsilura meets with considerable com- 
petition from Winthemia quadripustulata, Phorocera claripennis, 
Phorocera erecta, and Gymnophthalma americana Town. The last 
named, however, attacks the larve in an earlier stage than the rest, 
and its growth is so far advanced by the time the host larva is 
attacked by the others that it probably has no trouble in maturing. 
At any rate, a very good percentage of parasitism is maintained 
each year by G. americana. A summary of the tachinid parasites 
shows that the combined efforts of the native species (G. americana 
excepted) are less effective than that of the exotic. Such may not 
always be the case, however, for in its relationship to this host Comp- 
silura is most variable. Certain years have given but a negligible 
amount of parasitism, whereas others have given a parasitism as 
high as the most favorable host. The principal hymenopterous para- 
sites seem to be Hyposoter fugitivus Say and Lulimnerium validum 
Cress. These species attack the host in the second and third stages, 
the former usually issuing from the fourth and fifth stages and the 
latter from the cocoons. 

Schizura unicorns S. and A. is apparently a solitary species and 
has always been received in small numbers, usually during Septem- 
ber. The larve feed upon a great variety of food plants. There is 
but one record of rearing Compsilura from it and that was from a 
full-grown larva collected in the fall, the parasite issuing the follow- 
ing spring. 

Cerura occidentalis Lint. also appears to be solitary and the col- 
lections of it are always small. The larve are found chiefly on wil- 
low and poplar. Compsilura has been reared only once, the adult 
issuing during August from a larva collected in July. 
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Differing but slightly from the lparids in behavior and in ex- 
ternal appearance are the arctiids. Compsilura shows marked par- 
tiality for the species noted below. 

The yellow-bear caterpillar (Déiacrisia virginica Fab.) and the 
salt-marsh caterpillar (H’stzgmene acraea Dru.) are both common. 
species and, although solitary, are often found in abundance. They 
have a long period in the field, from June until November, and a 
great variety of food plants. Both are favorable to Compsilura,. 
particularly the former, it being without doubt one of the most 
acceptable winter hosts. 

The tussock caterpillars Halistdota caryae Harr. and Halisidota 
tessellaris S. and A.* are gregarious. They are general feeders and 
are occasionally reported as injurious. There is but one generation,. 
the insects pupating in the fall and passing the winter in that stage. 
Several of the collections have given hymenopterous parasites, especi- 
ally those of tessellaris, but there are few records of Compsilura. Of 
the two species, caryae is the most favorable. 

Euchaetias egfe Dru. is also gregarious but, unlike the species of 
Halisidota referred to above, its food plants are limited and it has 
never been found by the writers on anything but milkweed. In New 
England it is apparently single brooded; the larve are usually 
found in August and September, pupating during the latter month 
and hibernating in that stage. ‘There are a number of parasites. 
both hymenopterous and tachinid, the latter perhaps being the more- 
common. Not only does this species serve as an admirable alternate, 
but it is also an excellent hibernating host. Four of the five tachinids: 
often bred from £/’. egle are the same species as those secured from 
Hemerocampa leucostigma; that is, Compsilura, Tachina mella,. 
Phorocera claripennis, and Frontina frenchit. 

Several other species of this family, solitary in nature, and as yet 
undetermined, have yielded the parasite. On the other hand, certain 
species previously cited are for some reason or other seemingly un- 
suitable. 

NOCTUIDAE, AGARISTIDAE, AND PYRALIDAE 


* In the family Noctuidae are found the most divergent forms both 


in behavior and in external appearance. Species belonging to the 
genera Apatela, Arsilonche, Mamestra, Catocala, Nadata, Euthisa- 
notia, Calpe, Pyrophila, Plathypena, Scoliopteryx, Autographa, 
Cirphis, Plusiodonta, and Rhodophora have all yielded Compsilura. 

Only one of these, however, Autographa brassicae, has been at all 
constant in its abundance; and, although Compsilura has been oc- 
casionally reared from it, there is little to be said in its favor. In 
the collections, it is always closely associated with Pontia rapae and, 
like that species, has but few parasites. 

Apatela americana Harris is rather a common species, but it is 
never received in large numbers. It is usually found late in the fall 
feeding upon maple, oak, and other growth. It is solitary and passes 
the winter as a pupa. Compsilura and Tachina mella have been 


% Halisidota tessellaris is perhaps found more often, in the last stages, as a solitary 
rva. 
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weared from overwintering material. Rogas stigmator Say has also 
‘been bred, five adults issuing in September from a larva collected 
‘during that month. 

Collections of Apatela furcifera Guen. extend over a period of 
‘seven years. The larve are found in the field from the middle of 
June until the latter part of September. The food plants of this 
species seem restricted to the various varieties of cherry. It is not 
considered uncommon, although it has never been received in abund- 
-anee. From these collections (83 individuals) there has never been 
reared any other tachinid than Compsilura. On three occasions only 
thave any hymenopterous parasites appeared, species belonging to the 
genera Apanteles, Meteorus, and Rogas being bred. A. furcifera is 
-of first importance as a summer and winter host of Compsilura. 

Apatela brumosa Guen. and another species of Apatela as yet 
undetermined are never found in abundance but are received in 
small numbers each year. The insects are usually found in the 
woodlands, principally on willow, birch, cherry, and oak. Larvee 
of these species may be found in the field from the middle of June 
until September and, although never abundant, are among the most 
-sought of the host insects. 

Calpe canadensis Beth. appears early in June; it is common and 
‘sometimes plentiful. There seems to be but a single generation, the 
adults issuing during July. The larve feed principally upon 
ameadowrue (Thalictrum) and are somewhat difficult to find because 
of their protective coloration. Perhaps because of this, only a 
limited number of Compsilura has been bred. 

Scoliopteryx libatrix L. is either double-brooded or else has a very 
remarkable larval stage. It is a rather rare species in the writer’s 
‘collections, only 12 specimens having been received in eight years. 
Jt is said to hibernate as an adult, the food plants being listed as 
willow, poplar, and cherry. Unlike many of the noctuids it does not 
enter the soil to pupate but transforms within its cocoon attached to 
‘the twigs of the host plant. Like Calpe canadensis, the species is 
well protected by its coloration and has given a few Compsilura. 

The zebra caterpillar (Mamestra picta Grote), Mamestra legitima 
Grote, UM. adjuncta Boisd., and Pyrophila pyramidoides Guen. are 
all acceptable as hosts to Compsilura. They are, as a rule, garden- 
‘crop insects, and the two former are at times very abundant. All 
of them hibernate as pup beneath the soil. 

Arsilonche albovenosa is ordinarily found on marshland.  Cat- 
tail (7ypha latifolia L.) and the various marsh grasses are its chief 
food plants. It ranges in the field from June until October, hiber- 
mates as a pupa, and is considered a favorable host. Besides Comp- 
silura, another tachinid, Masicera sp., overwinters in this host. 
‘There have also been two hymenopterous parasites bred, Rogas stig- - 
mator Say and Microplitis quadridentatus Prov. 

Euthisanotia grata Fab. is rather uncommon. It appears in the 
field during the latter part of July and feeds principally on grape 
and Virginia creeper. It is an acceptable host, but the collections 
have been small and the data give little idea of its true status. 

Nadata gibbosa §. and A. is a species not uncommon, appearing in 
the field during July and August and overwintering as a pupa. 
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Food plants are given as maple, beech, and birch. It is a favorable- 
host for Compsilura. 

The green clover worm (Plathypena scabra Fab.) was abundant 
for one year only. Several good-sized collections were obtained and 
from them were reared Compsilura, Winthemia quadripustulata,. 
and Archytas aterrima Desv. The species feeds chiefly on clover 
but at times causes considerable injury to the pea and bean crops.. 
Hibernation takes place in the adult and pupal stages. 

Plusiodonta compressipalpis Guen. and Rhodophora florida Guen. 
are present in the locality, but they have never appeared in the 
laboratory collections. Both of the records are from Reiff ** rear- 
ings. The species probably hibernate as pupe. 

The army worm (Cirphis unipuncta Haw.) is a favorable host 
for Compsilura. It is found throughout the entire season from: 
May until frost. Hibernation is in the caterpillar stage usually, 
although the insect is said to overwinter sometimes as an adult. 
It is of national importance, and serious outbreaks, either locally 
or over a wide area, are not uncommon. ‘Tachinid flies play an 
important part in the natural control of this species and their success. 
has probably increased since the advent of Compsilura. During 
the last eight years only a few collections of (. unipuncta were 
received at the laboratory, but in 1914 several good-sized collections. 
were secured. From these collections there was obtained a very - 
good percentage of parasitism by Compsilura. In the various host 
and parasite lists where this species appears there are many tachi- 
nids recorded but only five of them have been reared at the labora- 
tory. Of these native parasites, Winthemia quadripustulata Fab. 
is the only one of consequence and the recoveries of this species, 
although many times greater than all of the rest combined, are not 
comparable to Compsilura. For example: Six collections, totaling 
nearly 1,000 larve (from six localities) gave nearly twice as many 
Compsilura as Winthemia. 

The eight-spotted forester (Alypia octomaculata Fab.) is received’ 
commonly in small numbers and was once obtained in abundance.. 
‘The species feeds on grape and woodbine. It hibernates as a pupa 
and is of little host value. The records show three native tachi- 
nid parasites, (Hxorista) Zenillia eudryae Town., Chaetophlepsis 
tarsalis Town., and Winthemia quadripustulata Fab., and a few 
Compsilura. A summary of the parasite records would indicate the 
superiority of the native species. i 

Evergestis straminalis Hiibn. is of little or no host value at the 
present time. It is constant in its appearance, however, and might, 
should there be an absence of favorable hosts, prove more worthy. 
The insect is found in gardens feeding mostly on radish and turnip. 
It hibernates as a pupa beneath the soil. 

Catocala sp.: The great difficulty experienced in separating the 
larvee of this genus necessitated their treatment as a single group. 
There are at least five species represented’ in the collections. In 
most cases the larve have been received in small numbers during 
May and June, sometimes in July. Compsilura was recovered from 
two larve collected in June, 1922. Catocala is of doubtful host 
value. 


16 William Reiff, Forest Hills, Mass., 1913. 
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Phigalia titea Cram. was very abundant for several years but is. 
_ now scarcely to be found. It has a variety of food plants, chiefly 
oak, elm, and chestnut. It appears in the field early in June and 
hibernates as a pupa. It is not a satisfactory host for Compsilura.. 

Hydria undulata L. is a somewhat common, gregarious species, the 
larve of which web together the leaves of wild black cherry. Al- 
though a great number of collections have been received at. the 
laboratory, it was not until 1922 that Compsilura was recovered. 
The recovery of 2 adults from 6 larve in one case and 11 adults from 
200 in another would ordinarily be considered a fair host record,. 
were it not for the fact that all the past collections have resulted in 
failure. In all probability this host was abundant at a time when 
there was a shortage of favored ones. 

Ennomos subsignarius Hiibn. is a gregarious species and was. 
found in great abundance for three or four years, less abundantly 
the fifth, difficult to find the sixth, and entirely absent the seventh 
and eighth years. Larve appear in the field early in May, com- 
plete their larval stages in June, and issue as adults in July. The 
species feeds on red maple principally and hibernates in the egg 
stage. It has never been a much favored host. 

Cingilia catenaria Dru. has been received in abundance only dur- 
ing the last four years. It appears in the field during late June 
and has a great variety of food plants, including false indigo, birch, 
huckleberry, and cherry. The species hibernates in the egg stage. 
It has given a considerable number of Compsilura and has a better: 
host value than any other of the geometrids. 

Lycia cognataria Guen. and an unidentified geometrid are solitary 
and are never found in abundance; the former feeds on willow and 
hibernates as a pupa. As host insects their value is small. 


LYMNADIDAE 


Anosia plexippus Li, was received in abundance in 1918 and in 
smaller numbers the two preceding years. During 1919 to 1921, 
inclusive, there were no collections received. In 1922, the insect was 
found in small numbers and the 14 collections received represent only 
a few individuals. The species is still scarce. Without exception, 
its food plant is given as milkweed. The species is migratory and 
winters as an adult in the Southwest. Three native parasites are 
recorded from it and one of these, Frontina archippivora Will., is 
of prime importance. The two remaining species (Winthemia ob- 
scwra Coq. and [Hxorista] Zenillia vulgaris Fall.) are apparently of 
little consequence. Frontina appears to meet but little opposition 
from Compsilura and the sum total of its parasitism is much greater. 
Over 50 per cent of the collections have given Frontina, whereas. 
Compsilura was recovered from only 11 collections. Superparasi- 
tism is common with both species but particularly with Frontina, 
where the average from one collection of 22 larve was 4.86 per 
individual. The best records found for Compsilura are three adults 
per individual. Multiple parasitism is uncommon, there being no 
instance noted by the writers. In a general way, Anosia can be 
considered a favorable host for Compsilura. 
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PAPILIONIDAE 


The species Papilio polywenes Fab. and Papilio troilus L. have 
been discussed elsewhere in this bulletin. Papilio turnus L., a 
species similar in habit to the others of its genus, has given Comp- 
silura frequently. It is very probable that the future will show 
this species to be of the same host value as its relatives. 


PIERIDAE 


The cabbage worm (Pontia rapae L.) is nearly always to be found 
in abundance in some locality or other. It hibernates in the chry- 
salid stage. It is an acceptable host and, because of its abundance 
and wide distribution, possesses a certain attractiveness. In 1910, 
Tothill (7, p. 223) succeeded in rearing a great many flies and, in 
some instances, a total of 40 per cent parasitism was obtained. Some 
years later, Culver,’’ who had received large collections of this ma- 
terial for life-history work, recorded a fair amount of parasitism, 
but in no case did he equal the record of the former investigator. 
In contrast to these records, however, the data obtained by the 
writers show but little parasitism. 


SATURNIIDAE 


Callosamia promethea’ Dru., Telea polyphemus Cramer, Samia 
cecropia L., Automeris io Fab., and Hemileuca maia Dru. are five 
species of doubtful host value. From the last-named Compsilura has 
been reared occasionally, but considering the hundreds of larve of 
all stages used in the experiments, the host value of this msect is 
insignificant. 

As has been previously stated, the value of Callosamia promethea 
Dru. as a winter host for Compsilura appears to be negligible. Its 
status as a summer host is apparently much more important. Since 
Culver 7* found, while experimenting with this species and Comp- 
silura, that he could readily obtain larviposition and successfully 
rear adults when using early-stage caterpillars, there seems little 
doubt that were large “collections of early-stage larvee received, a 
fair amount of parasitism would be recorded. 

The collections of T’elea polyphemus Cram. have nearly always been 
made in the pupal: stage.and. no Compsilura* were ‘recovered from — 
them. It is sufficient to say that, in three separate collections of one 
larva each, there were obtained ‘two Compsilura from one of them. 

Samia cecropia L. seems to have about the same host status as 7. 
polyphemus. ‘The material when collected as cocoons has never given 
Compsilura. Larval collections, however, show better results. 

single instance of the rearing of ‘four flies from nine third- -stage and 
fourth- -stage larvee is recorded. 

Automeris io Fab. has a greater host value than any of the satur- 
niids mentioned. Although none of the collections received prior to 
1922 has given Compsilura, the recoveries made that year were grati- 
fying. Furthermore, all of the material was from New York, at 
points well outside the gipsy-moth area. From these records: there 


1 Gipsy Moth Laboratory Records, 1917-18. 
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was established a new dispersion line for Compsilura. (Phorocera 
claripennis Macq. was the only other tachinid reared.) 


SPHINGIDAE 


Deilephila gallu Rott. and Deidamia inscriptum Harr. have both 
been taken abundantly near lights, but they appear only occasionally 
in collections received by the writers. The larve of both species 
appear in the field.from July, until October... The former feed on 
Galium and primrose, the latter on grape and Virginia creeper. 
Both species hibernate as pupe. Their host status is favorable. 

Deilephila lineata Fab. was received intermittently over a period 
of eight years. The larve are usually found feeding on Portulaca. 
There are probably two generations, the later one hibernating as 
pup. Most of the collections were received during September and 
October. An exception to this was the receipt of one last-stage 
larva collected July 21, from which two Compsilura emerged August 
14, 1922. The host status is favorable. 

The northern tobacco hornworm or tomato worm (Phlegethontius 
aang Haw.) is constant in its appearance and is in the 

eld from July until October. It feeds on tomato and hibernates 
in the earth as a pupa. Asa summer host it has occasionally given 
Compsilura, and in all probability would be one of the most favored 
were it not for Apanteles congregatus Say. In this hymenopteron 
P. quinquemaculata finds its worst enemy, and it is with difficulty 
that specimens of mature larvee are obtained free of this parasite. 
Possibly on account of its great size a number of the larvee harbor 
both Apanteles and Compsilura. As many as three adult Compsi- 
lura per larva have been obtained from material previously para- 
sitized by Apanteles. The species should be a good host for overwin- 
tering Compsilura, but since it is difficult to handle in confinement 
during hibernation there are few data on its fitness. 

Hemaris thysbe Fab. has been received but three times in eight 
years. It has about the same life history as Phlegethontius quinque- 
Fae and feeds chiefly on Viburnum. It is a very acceptable 

ost. 


HESPERIIDAE AND CERATOCAMPIDAE 


Epargyreus tityrus Fab. has been received in good-sized collec- 
tions only once in eight years. The species feeds on a variety of 
food plants, principally locust (Robinia pseudoacacia L.) and 
groundnut (Apios tuberosa Moench). It appears in the field during 
July, and specimens are to be found until late October. It hiber- 
nates as a pupa and is of fair value as a host. The parasitism by 
the Hymenoptera is negligible, as is also the case with the tachinids 
other than Compsilura. This fly alone has been reared in consider- 
able numbers, especially during 1921. 

The orange-striped oak worm (Anisota senatoria S. and A.) is 
abundant at times and has been received in particularly large num- 
bers during the last two years. The species feeds principally on oak 
and hibernates as a pupa. A few of the collections have given 
Compsilura, but the native parasites predominate. Among the 
tachinids, /’'rontina frenchii Will., Winthemia quadripustulata Fab.., 
(Exorista) Zenillia ceratomiac Coq., and Sturmia sp. were reared. 
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The principal Hymenoptera were Hyposoter fugitivus Say and 
Apanteles anisotae Mues. . 

A number of collections of the green-striped maple worm (Ani- 
sota rubicunda Fab.) were received during 1919 and 1921, most of 
them coming from Western Massachusetts and New Hampshire. 
Usually A. rubicunda is to be found in company with Heterocampa 
guttivitta. The species feeds principally upon maple and hibernates 
as a pupa. Several specimens of Frontina frenchii Will. and a 
species of Sturmia have been bred. There is but one rearing record 
credited to Compsilura. 

COCHLIDIIDAE 


- Native species of the family Cochlidiidae are rarely sent to the 
laboratory and none have ever given Compsilura. Collections of the 
exotic oriental moth (nidocampa flavescens Walk. were received in 
large numbers during 1917 and 1922. The species has but a single 
generation, the winter being passed in the prepupal stage. During 
1922 weekly collections of the larve were received, aggregating nearly 
1,200 individuals. From this material a single Compsilura was 
reared, the adult issuing in September. The host value of the species 
is apparently slight. 
TENTHREDINOIDEA 


The large elm and willow sawfly (Cimbex americana Leach) is 
constant in its appearance and is in the field from July until Sep- 
tember. Only once during a period of eight years has it been abun- 
dant and then the infestation was confined to a small area. Willow 
and elm seem the most favored food plants. There is but one gen- 
eration, the last-stage larva burrowing in the ground and forming 
its cocoon, where it passes the winter as a larva, pupating in the 
spring. It offers little attraction to Compsilura. 

Croesus latitarsus Nort. is a very common species found abun- 
dantly each year on gray birch. It has at least a partial second 
generation and larve of this species are in the field from the middle 
of June until October. The larva passes the winter within its co- 
coon and pupates in the spring. It is possible that Compsilura. at- 
tacks this species more than is recognized, for the examination of 
cocoons has revealed a certain amount of unlooked-for parasitism 
that may be of considerable importance. Dissections have shown that 
in some instances the cocoons contained adult Compsilura which were 
unable to work their way out. Culver (gipsy-moth laboratory rec- 
ords) made a similar finding in his experiments with the last-stage 
larve of Bombyx mori, the larve being freely attacked, the parasite 
maturing within the host pupa and being unable to emerge because 
of the tough cocoon. 

Neurotoma fasciata Nort. is a gregarious species commonly re- 
ceived each year in fair abundance. The larve feed upon cherry, 
webbing the leaves together and leaving their nest only when they 
seek the earth for hibernation. The period of hibernation in New 
England usually extends over two seasons. (Larve collected in Sep- 
tember, 1920, gave adults in May and June, 1922.) Owing to the 
extreme difficulty in overwintering the prepupe, very few adults 
have been obtained. At most, the parasitism of this species by 
Compsilura is negligible. 
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Pteronidea coryla Cress., a rather uncommon species, has been re- 
ceived at the laboratory but twice, in June and September, 1921. 
Evidently there are two generations, individuals of the later one 
. passing the winter in their cocoons, the adults issuing the following 
spring. The larve are gregarious and feed in colonies on hazel nut 
(Corylus americana Walt.). The collections, aggregating about 100 
larve, gave mostly adults, there being but one parasite, Compsilura, 
a female fly issuing in J uly, 1921. 

The imported currant worm (Pteronidea ribesi Scop.) has been 
abundantly received over a period of eight years. There are two 
or at least a partial second generation, cocoons ** of either generation 
overwintering in soil. It is of very ‘little, if any, importance as a 
host, for Compsilura has been reared from it on only one occasion. 


COLEOPTERA 


So accustomed have we grown to the ever-increasing host list of 
Compsilura that a new record obtained from some “lepidopteron 
causes but little comment. There have been but few collections of 
coleopterous larvee, however, and none has ever given the parasite. 
A rearing attended by peculiar circumstances was reported to the 

writers by C. W. Johnson, of the Boston Society of Natural History, 
who in 1914 recovered the parasite from the white-pine weevil (Pis- 
sodes strobi Peck). In September of that year he was looking over 
some of the mounted specimens of various insects in the ‘Libby 
Museum at Wolfboro, N. H. One mount containing a terminal shoot 
of white pine, illustrating the work of the weevil, contained a fly 
which seemed out of place. Upon inquiry it was found that the 
mount had been made up as usual and that the fly must obviously 
have issued after the mount was completed. At Johnson’s request 
the fly was given him, and he identified it as Compsilura concinnata. 
Since there was no puparium in sight, the maggot evidently pupated 
within the burrow of the host. 


RECORDS OF COMPSILURA REARINGS OTHER THAN THOSE 
RECORDED AT THE GIPSY MOTH LABORATORY 


The writers are indebted to D. W. Jones, of the European Corn 
Borer Laboratory, Arlington, Mass., for the following notes on 
Compsilura : 


Compsilura concinnata Meig. has been bred from the Huropean corn borer 
(Pyrausta nubilalis Hiibn.) several times during the last few years. We con- 
sider it of little importance as a parasite of that species. 


To C. W. Johnson, the writers are indebted for the following: 


Thanaos brizo B. and L. April 19, 1920. 
Symmerista albifrons S. and A. 

(Rearings by E. T, Learned, Fall River, Mass.) 
Diprion simile Hartig. April 15, 1921. 

(Rearing record of M. P. Zappe, New Haven, Conn.) 


EFFECT UPON NATIVE PARASITES 


What the final outcome of the introduction of Compsilura will be 
is for the future to decide. What has been accomplished by the 


% The species probably hibernates as a larva within its cocoon. 
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establishment of Compsilura, by its subsequent parasitism upon 
native species, and by its present relation to the native parasites, is: 
more obvious. 

As regards the majority of native parasites there is little to indi- 
eate anything detrimental to their welfare in the introduction of 
Compsilura, except an occasional scarcity of host material brought 
about by the successful attack of this insect. That this absence of 
host material is in itself-of importance, inasmuch as it might materi-- 
ally change or upset the natural balance already existing, does not 
seem to be borne out by the records of the writers. It is true that 
there were no systematic collections of native larve prior to 1915: 
against which to check the larval collections of the last few years; 
there is, however, first-hand knowledge concerning serious outbreaks: 
of native insects in this locality since 1907. The abundance of any 
insects for which the introduction of Compsilura might be held re- 
sponsible, because of its interference with the native parasites of 
the species in question, has not been recorded. On the other hand, 
infestations of insects which are due for their periodic outbreaks: 
are, so far as known, not on the increase. That there is a consider-. 
able amount of duplicate parasitism, there can be no doubt; and that 
this would be detrimental to one species or another, must also be- 
true. Such an occurrence would take place in any case, however; 
and, although the presence of Compsilura probably adds to it, the: 
results are not necessarily serious. It is possible that, because of 
the rapid larval development of Compsilura, it would crowd out 
forms which develop more slowly. This probably happens where: 
Compsilura and a native tachinid attack the host simultaneously. 
If, however, the native tachinid were in a stage of development more: 
advanced than that of Compsilura, the latter would in all probability 
be the loser. There are few positive data on the rapidity of develop- 
ment of many of the competing species, but it is believed that in. 
some of them the development is much slower than in Compsilura. 

What appears best to illustrate an occasion where there is a likeli- 
hood of Compsilura usurping the position of a native tachinid is 
found in its relation to Tachina mella Walk. Here is a species far 
less specialized than Compsilura, its reproductive habit being host- 
oviposition of a flat macrotype egg. Not only have the two species 
apparently similar hosts, but in nearly every instance where there: 
is competition the native tachinid is the one that suffers most. That 
there has been a marked decrease in the number of 7’. mella in the 
gipsy-moth area since the establishment of Compsilura is probable. 
The parasite records of the writers show this, and there is corrobo- 
rative evidence as well. Forbush and Fernald, in 1896 (4, p. 388),. 
cited several instances of rearing mella from the gipsy moth. It is. 
rare that any mel/a are reared to-day, however, and in their agere— 
gate the larval collections of the gipsy moth are far greater than in 
the past. Forbush and Fernald (4, p. 385) call attention to the great 
number of tachinid eggs deposited upon gipsy-moth larve. It is 
possible, of course, that these eggs were not all laid by one species; but 
it is probable that a large percentage of them belonged to 7. mella, 
as the records of rearing will show. During the past few years 
thousands of gipsy-moth larve have been sent to the laboratory and 
less than 1 per cent have tachinid eggs on them. Evidently one of 
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‘two things has happened; either med/a has found a host more favor- 
able than the gipsy moth or it has suffered a marked decrease in 
numbers. The latter view is the more logical. Compsilura is not 
- entirely responsible for this condition, however, for there must be 
considered the prodigious waste of eggs by mella upon the gipsy 
moth. In the studies of Forbush and Fernald (4, p. 386) made dur- 
ing July, 1895, it was found that, whereas about 29 per cent of the 
gipsy-moth larve had tachinid eggs on them, these were in nearly 
every case moulted off before hatching. It is obvious that, if this 
futile attack by mel/a continued at the same rate for several years, 
there would necessarily be a great scarcity of the species. 

There are other instances besides that of Tachina mella in which 
the native tachinids meet with great competition, and a certain 
amount of duplicate parasitism results, in which the native species 
appear to be at a disadvantage. 

The tachinids Phorocera claripennis, Frontina frenchu, and Win- 
themia quadripustulata have a great variety of hosts, nearly all of 
which are also acceptable to Compsilura. Like Z'achina mella they 
deposit eggs on the host larva and so are handicapped by the subcu- 
taneous larviposition of Compsilura. Probably P. claripennis fares 
the worst of these species, for with a single exception—Lophyrus 
lecontei Fitch—the host species are mutual. There is evidence to 
indicate that not only does this species overwinter as a larva within 
its host pupa, but that it often successfully hibernates in the pu- 
parium. This habit is of the greatest importance, for it should be 
borne in mind that Compsilura depends upon certain lepidopterous 
pupz for hibernation and that the number of overwintering indi- 
viduals is to that extent limited. The hibernating quarters of 
claripennis, on the other hand, are unlimited, and it can depend upon 
its abundance in the spring for successful competition. 

Frontina frenchii and Winthemia quadripustulata seem to be the 
least affected by the presence of Compsilura. As has been previously 
mentioned, frewchi finds an excellent overwintering host in the 
saturniids and meets there with little competition from Compsilura. 
There are many examples of the value of Samia cecropia as a winter 
host for frenchiz. Fiske and Thompson (2) reared it in large num- 
bers and mention an instance in which 90 adults were reared from a 
single cocoon by C. H. T. Townsend. No other species met in the 
writer’s studies proves itself so generous a host. 

Of these native tachinids which possess the same general hosts as 
Compsilura, Winthemia quadripustulata seems best fitted for the 
contest. Not only does it more nearly approach Compsilura in the 
number of its hosts, but it also has a variety of others from which 
Compsilura has never been reared. It has, too, a decided advantage 
over Compsilura, inasmuch as it, like /rontina frenchii, has several 
hosts which are capable of supporting a large number of individuals. 
Finally, it also has the advantage of hibernation as a full-grown 
larva or in the pupal state. 

Taken as a whole, the native larval collections reveal but few cases 
of tachinids peculiar to a single host. Among the species attacked by 
Compsilura, there were found but 10 where there is a single compet- 
ing tachinid with apparently no other host. Of these, the majority 
are of no particular host value to Compsilura. In one case only, that 
of Lwanessa antiopa L., is there any serious competition, and here 
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the native tachinid—Pelatachina pellucida Coq.—is well able to hold 
its own against Compsilura. A spring emergence at least two 
weeks in advance of Compsilura and an ability to hibernate in a 
puparium sufficiently guarantee its survival. i ; 


EFFECT UPON HOST SPECIES 


Data concerning the relation of the native tachinids to their hosts- 
prior to the introduction of Compsilura have been obtained through: 
miscellaneous host records and published accounts of the insect. 
Data have also been obtained from two years of systematic collecting 
of native larve outside the Compsilura area, together with a few 
collections of larves made in a territory where Compsilura was 
hardly established. 

From comparative data thus obtained and from what can be sur- 
mised, it seems very clear that the addition of Compsilura to our 
fauna has been of great benefit. Not only has it accomplished the 
purpose for which it was introduced, namely, to act as a primary 
parasite on the larve of the gipsy and brown-tail moths, but the 
rapidity of its dispersion has exceeded all expectations and it is now 
found established in an area independent of its primary hosts. It 
is in this area and especially along the outskirts of the moth infesta- 
tion that the presence of Compsilura means so much. The reasons 
are twofold: (1) Its attack upon a lght infestation of gipsy-moth 
larve, such as would be found along the border of the infested area, 
would be, or at least has always been, attended with maximum re- 
sults, and the check exerted here is of the greatest importance; (2) 
possible dispersion of the gipsy-moth larve by the wind or otherwise 
in an unscouted area, and subsequent infestation, would result per- 
haps in complete annihilation by Compsilura. The establishment of 
Compsilura in this area is, of course, due to the alternate hosts upon 
which its existence is dependent. 

Of the many native hosts from which Compsilura has been reared, 
at least one-half are decidedly favorable for its development. The 
fact that Compsilura has, since its introduction into New England in 
1906, made its presence felt in no less than 92 species of native in- 
sects is in itself a manifestation of its efficiency. So thoroughly has 
this tachinid established itself in this region that it is now able to act 
as automatically as any native species whose mission is that of a con- 
trolling agent. Surely no better example of its ability to cope with 
the unexpected can be asked than its encounter with the satin moth 
(Stilpnotia salicis). Here an injurious insect, recently imported 
from Europe, in a single year appeared in astonishing numbers with- 
out the least semblance of control by native tachinids. It is ex- 
tremely doubtful if any of the native parasites would have proved 
effective had they had the field to themselves. Fortunately, however, 
Compsilura had become acclimated, and the control exercised by it 
was remarkable. From certain last-stage larval collections, there 
have been obtained as high as 78 per cent parasitism. In their ag- 
gregate (last-stage larval collections) they will average at least 50 
per cent parasitism. On the other hand, the sum total of the native 
tachinids obtained from 20 collections is but 19 individuals, less than 
2 per cent parasitism. Although this is perhaps one of the most spec- 
tacular instances of Compsilura’s potency, it is by no means excep- 
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tional. The accidental introduction of other dangerous insect pests 
into the United States is probable, and it is possible that Compsilura 
may again serve as efficiently as in the case just cited. 
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EFFECTS ON HONEYBEES OF SPRAYING FRUIT TREES WITH ARSENICALS 
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INTRODUCTION 


Ever since fruit trees have been sprayed with arsenicals beekeepers 
have been interested in the effect of this practice on the honeybee. 
Years ago, when sprayed materials were often applied while the 
trees were in full bloom, beekeepers became greatly excited and 
widely distributed literature entitled “Don’t Spray While in 
Bloom.” As a result of this agitation, according to Gates (7)? one 
Province in Canada and four States in the United States enacted 
laws prohibiting the spraying of fruit trees in full bloom. As late 
as December, 1920, there were laws to this effect in four States. 

The subject of poisoning bees is very large and of vital interest, 
not only to beekeepers but to everyone who is interested directly 


1 Resigned June 30, 1923. The following men, who have also resigned from the 
Bureau of Entomology, had charge of the spraying in these experiments at their re-- 
spective field stations: BE. B. Blakeslee at Winchester, Va., 1914, 1915, and 1916; F. L. 
Simanton at Winthrop, Me., and at Benton Harbor, Mich., 1914 and 1915, respectively ; 


and ©. W. Geyer at Roswell, N. Mex., 1915. The junior writer did part of the work at 
Winchester, Va., 1915 and 1916, and at Fennville, Mich., 1916, and the senior writer did 
the remaining portion of the work here reported. Credit is due the Insecticide and Mungi- 
cide Laboratory, Bureau of Chemistry, for the chemical work reported in this bulletin. 


2 Reference is made by number (italic) to ‘‘ Literature cited” p, 82. 
56797 °—26——-_1 
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or indirectly in the growing of crops, including particularly fruit - 
growers, entomologists, and plant pathologists. Of course the bee- 
keeper does not want his bees poisoned, chiefly -because as a result 
his honey crop is reduced; but this loss is only secondary in com- 
parison with the loss from lack of cross-pollination of flowers. In 
pollination the beekeeper, the fruit grower, and in fact everyone 
is benefited by honeybees. For several years evidence has been 
accumulating to prove beyond doubt that bees are extremely 1m- 
portant as agents of pollination, and in fact should be protected 
and raised if only for this purpose. The honey they produce may 
be left for separate consideration. 

The investigation here reported was begun in the spring of 1914 
at the suggestion of Dr. A. L. Quaintance, in charge of fruit insect 
investigations, and was originally planned to determine the effect 
on honeybees of spraying fruit trees in full bloom. After one 
season’s work in two States, 1t was ascertained that spraying at 
this stage under favorable conditions was detrimental to bees, and 
these results suggested that spraying even at the customary time, 
when at least 90 per cent of the petals have fallen, might be slightly 
injurious to them. This idea is in accord with the one which bee- 
keepers often express by claiming theoretically that spraying fruit 
trees at any time is injurious to bees, the degrees of damage done 
depending on the time and on other conditions. Entomologists, 
however, do not recommend spraying orchards in full bloom (1) 
because the codling moth can be as well controlled by spraying when 
90 per cent of the petals have fallen and (2) because spraying when 
the trees are in full bloom is injurious to insect pollinators. 

After three seasons’ work on this problem, in four States and five 
localities, it was determined that spraying at the customary time 
under nearly ideal conditions was not injurious to bees; but it will 
be noted that these nearly ideal conditions seldom occur. 

Other projects were discussed and partially planned, but only one 
of these. was finally investigated. The subject of the poisoning of 
bees by sprayed or dusted cover crops, often grown in orchards, is 
vitally important to beekeepers, but it seems that fruit growers 
pay little attention to this phase of the general subject of poisoning 
bees. This subject was only incidentally touched upon, as reported 
under the experiments performed at Roswell, N. Mex. 

During the past few years it has become common to dust calcium 
arsenate or lead arsenate upon a large variety of plants, including 
fruit trees, flowering shrubs, fields of cotton, and even forest trees. 
This general practice of spreading poisons keeps the beekeepers 
constantly excited, although probably without warrant, and they 
have a feeling that their business may be doomed any day. Further- 
more, it is now common in certain localities of the South to mix 
calcium arsenate with molasses and then to spray or to daub this 
poisonous mixture on cotton plants for the purpose of attracting 
and poisoning the boll weevil. As a part of this general project, 
the senior writer in July and August, 1922, carried on experiments 
at Tallulah, La., to determine the effects on honeybees of dusting 
cotton plants with calcium arsenate, and also of treating these 
plants with poisoned sweet mixtures. A summary of their results 
(20) has already been published, and, since there is no immediate 
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prospect of doing more work along this general Kne, it is considered 
expedient to publish the result of the other, earlier work. 

It is now generally admitted that in using arsenicals as a control] 
for the codling moth the best results are in nearly all cases obtained 
by applying the first spray after most of the petals have fallen, 
although in commercial orchards where hundreds of acres of trees 
must be sprayed within a limited time it is necessary to begin spray- 
ing early in order to finish the werk before the calyx cups close. 
Furthermore, in regions where the trees bloom irregularly, causing 
a long blooming period for an entire orchard, the trees sprayed vary 
from those in full bloom to those from which all the petals have 
fallen. 

Many reports from beekeepers concerning the effect on the honey- 
bee of spraying trees in full bloom have been published, but only a 
few systematic investigations have actually been carried on to deter- 
mine whether or not the practice is injurious to bees. Some bee- 
keepers believe that the honeybee is damaged slightly, even when 
the trees are sprayed at the customary time, after at least 90 per 
cent of the petals have dropped. No careful observations have been 
reported on this phase of the subject. 

In the hope of reaching definite answers to some of these ques- 
tions, so long debated, the writers planned and conducted the research 
here reported. Investigations, extending from 1914 to 1917, were 
made along three lines: (1) The effect on honeybees of spraying fruit 
trees in full bloom; (2) the effect on honeybees of spraying the 
trees at the customary time, after most of the petals have fallen; 
and (3) a determination of the minimum amount of arsenic required 
to kill bees in confinement. 


EFFECT ON HONEYBEES OF SPRAYING FRUIT TREES IN FULL 
BLOOM 


PRELIMINARY EXPERIMENTS, WINCHESTER, VA., 1914 


Three small, more or less isolated orchards in full bloom, lying 
southeast of Winchester, Va., were selected in 1914 for the prelimi- 
nary experiments. Three strong colonies of bees were installed in 
each orchard. ‘Twenty-five trees in the first orchard were sprayed 
with a mixture of 5 ounces of Paris green, 1 gallon of limewater, 
and 49 gallons of water; 25 trees in the second orchard were sprayed 
with a mixture of 3 pounds of paste lead arsenate, 1 gallon of lime- 
water and 49 gallons of water; and 25 trees in the third were sprayed 
with a mixture of 3 pounds of paste lead arsenate, 1.5 gallons of lime- 
pepiur and enough water to make 50 gallons in all. 

s a result of these preliminary experiments the following points 
were ascertained: (1) Bees work equally as well on trees sprayed in 
full bloom as on unsprayed ones; (2) they do not fly away from the 
sprayed orchard very much if the orchard is well isolated; (3) they 
are slightly affected when a small orchard is sprayed in full bloom; 
this conclusion is supported by observations and by the analyses of 
the samples collected; and (4) of the three mixtures named, the lime- 
sulphur spray mixture is most satisfactory for experimental purposes, 
because the lime-sulphur in it serves well as a stain, so that the mix- 
ture can be easily seen on the foliage and blossoms. Its presence 
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assures the observér that he is dealing with sprayed material when 
collecting blossoms for analyses and when watching bees at work on 
the supposedly sprayed flowers. 


MORE EXTENDED EXPERIMENTS, WINTHROP, ME., 1914 


It seemed desirable to continue on a larger scale the experimental 
work with the spray of lime-sulphur and lead arsenate. A large 
isolated commercial orchard in full bleom, almost ideally located 
three-fourths of a mile east of Winthrop, Me., was selected for that 
purpose. The orchard, consisting of (00 apple trees, was rectangular 
in form, bounded on the north by a 4-year-old orchard and a pasture, 
on the west by a pasture, on the south by cleared land and a 2-year- 
eld orchard, on the east by a thicket, a lake, and a forest, and on the 
northeast by forest. There was a small orchard one-half mile north 
of this one and several commercial orchards one-half mile west of 
Winthrop. No other orchards were within sight of the one described. 

Since only two small 7-frame hives of bees could be had at Win- 
throp, eight strong colonies belonging to the Bureau of Entomology 
were sent there by express from Philadelphia, Pa. All 10 colonies 
were free from brood disease. 


APPLICATION OF SPRAY MIXTURE 


Owing to a delay in the departure of the bees from Philadelphia, 
the spraying was begun before the bees were installed in the orchard. 
On May 25 and 26 Mr. Hinds, the owner of these trees, wishing to kill 
certain caterpillars, sprayed his entire orchard with a mixture of 4 
pounds of paste lead arsenate and 1 quart of lime-sulphur to each 50 
gallons of water, applying it with a 200-gallon power sprayer. On 
May 28 and 29, 3106 of the trees, then in full bloom, were again 
sprayed, this time with a mixture composed of 3 pounds of paste 
lead arsenate and 1 pint of lime-sulphur to each 50 gallons of water 

To kill the larvee of the codling moth, Carpocapsa pomonella L., Mr. 
Hinds again sprayed the entire orchard on June 3, 5, and 6, using 3 
pounds of paste lead arsenate and 1 gallon of hme-sulphur to each 
50 gallons of water. 


INSTALLATION OF BEES AND APPARATUS 


The two colonies of bees procured at Winthrop were moved on 
May 29 from Mr. Wentworth’s apiary, three-fourths of a mile north- 
west of that town, to the sprayed orchard. So far as could be deter- 
mined none of the bees returned to their original location. The 
eight colonies from Philadelphia left there in the afternoon of May 
27 and arrived at Winthrop late in the afternoon of May 29. They 
were installed in the orchard the following morning; but, owing to 
unfavorable weather, the bees did not have a good flight until 2 
pate: that day, after having been confined to the hives about 91 

ours. 

The 10 hives were placed between rows of sprayed trees at the 
south side, near the center of the orchard. ‘Two sheets, each 7 yards 
square, were placed beneath two large sprayed trees, to catch the 
dead bees that fell from them. 
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To catch most of the dead bees removed from the hives a bee trap 
was devised, constructed as follows: A rectangular framework, 30 
by 16 inches, was made of wooden strips 114 inches wide by seven- 
eighths inch thick. The lower side (bottom of the trap) of the 
framework was covered with cheesecloth, and parallel pieces of twine 
one-fourth inch apart were stretched lengthwise over the upper side, 
seven-eighths inch above the cheesecloth. One side of the frame- 
work was nailed to the lower side of the alighting board, so that the 
framework projected 7 inches on either side of the hive. The sides 
of the trap were made of glass, 8 inches high, firmly fastened to the 
framework, and so snugly joined at the corners and where they 
- united with the sides of the hive that a bee could escape only by 
going over the glass. A worker removing a dead bee from inside 
the hive usually flew from the alighting board. with its load, but 
seldom flew sufficiently high to pass above the sides of the trap. 
Workers carrying dead bees therefore fiew against the sides of the 
trap and fell to the bottom, where the hairs of the dead bees became 
fastened either to the cheesecloth or to the twine. The live bees 
then pulled themselves loose from the dead ones. One of these traps 
was placed in front of each hive entrance. 


DAILY OBSERVATIONS OF BEES AND WEATHER 


Notes pertaining to the bees and weather were carefully made, but 
only a brief report of the daily observations will be given here. 

During the early morning of May 29 the two Wentworth colonies 
were installed; it was a clear, cool day, and the bees worked well 
on the sprayed blossoms. In the morning of May 30 the eight bureau 
colonies were installed, but as the weather was cool and rainy the 
bees did not leave their hives till 2 o’clock that afternoon. By this 
time the sun was shining brightly, the weather became warmer, and 
the bees, particularly the young ones, came in great numbers out of 
the hives. ‘They flew to the nearest trees and began immediately to 
drink the water standing on the sprayed leaves and petals. Later 
the field bees were abundant in the trees and eagerly collected nectar 
and pollen. May 31 and June 1 were warm and cloudy, with oc- 
casional showers, although the bees worked well in the trees. June 2 
was a cloudy, cool, and windy day, and the bees flew very little. 
Most of the petals had fallen, and many sick bees were seen in the 
bee traps and in the grass near the hives. June 3 was cool and clear, 
and the bees flew only fairly well during the middle of the day. 
June 4 was cool and rainy. One bee trap contained a half hatful of 
dead and dying bees. June 5 was a cool, clear and windy day, and 
practically all of the petals had fallen. Each trap contained many 
dead and dying bees. June 6 was a clear warm day; the bees flew 
well, and collected pollen from the wild flowers. Hundreds of dead 
and clying bees were seen in the traps and in the grass around the 
hives. June 7 was warm and cloudy, and the bees flew well. The 
bees were still dying rapidly; many were removed from the traps as 
usual and hundreds of sick ones lay in the grass, particularly to the 
leeward of the hives. On June 8 the bees were still dying to an ab- 
normal extent ; nevertheless, the colonies were prepared for shipment. 
The two Wentworth colonies were returned to their own apiary and 
the eight bureau colonies were expressed direct to Washington, D. C., 
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where they were released June 11, 87 hours after having been closed. 
Nine pints of dead bees were removed from the eight: hives, whereas 
only 3.75 pints had been taken from them at Winthrop upon their 
arrival from Philadelphia. It is safe to say that 5 of the 9 pints 
died on account of the poison, not taking into account the cooler 
weather and less crowded condition in favor of the bees in the hives 
during their journey to Washington. 

In regard to the dead bees caught in the bee traps, it was found 
in the preliminary experiments that the average daily number’ per 
trap, counted before the trees had been sprayed, was 18, which rep- 
resents about 3 per cent of all! those that died, the 97 per cent dying 
in the field. The average daily number of dead bees per trap, ~ 
counted in the traps at Winthrop after the trees had been sprayed, 
was 136. Evidently the bees in the sprayed orchard died more than 
seven times as rapidly as those in a normal environment. This ratio 
does not include the hundreds of sick bees that crawled out of the 
traps and died in the grass near the hives. If it had been possible to 
count all the bees that died from the effects of the poison and all 
those that died normally, the proportion of deaths from poisoning 
would certainly have been many times higher. 

The unusual mortality of the bees was first noticeable the second 
day after they had had access to the sprayed flowers; on the third day 
after they had been poisoned the damage was unmistakable. This 
heavy mortality continued as long as the sprayed flowers lasted, and 
in some of the colonies did not cease until all the bees had died. 
Most of the sick and dead bees appeared to be young, and many of 
them bore wax scales. The field bees seemed to have died in the fields 
as usual, although only a few of them were found dead daily on the 
sheets under the sprayed trees. Under normal conditions the few 
field bees that die in the hives represent only a small percentage of 
the total number of the dead. Most of the dead and sick bees had 
swollen abdomens and often when an abdomen was gently squeezed 
a thick yellowish liquid was discharged from the anus. Most of the 
sick bees clustered for a short time in the traps, and later many of 
them climbed to the tops of the traps, where, after perching a few 
moments, they attempted to fly, but every bee observed fell into the- 
grass only a few feet from the hive. During the later stages of ar- 
senic poisoning a sick bee was usually drowsy and stupid, but often 
acted “crazily” by continuously turning around; then one or more 
legs became paralyzed, and the bee could walk only in a staggering 
manner, and could not fly; a little later it became paralyzed to such 
a degree that it could not get upon its feet, but could yet crawl about 
by dragging its swollen abdomen; it finally died in a state of coma. 

When installed in the orchard 1 hive of bees was weak, 8 were 
strong, and 1 very strong. When transferred from the orchard 1 
colony was slightly weaker than when it was brought there, 1 was 
weak, 1 strong, and 7 slightly less strong than when placed in the 
orchard. On June 15 the 2 Wentworth colonies experimented with 
were dying rapidly; on June 25 they were nearly depopulated, and 
on July 27 entirely so; and 1 of Mr. Wentworth’s other 2 colonies 
(not experimented with) was nearly depopulated. The bees from 
the latter colony probably visted the sprayed orchards, for it was 
only 114 miles distant. In regard to the 8 bureau colonies, on June 
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23 2 colonies were about as strong as when they left Maine, 4 were 
weak, 1 was nearly depopulated, and 1 entirely so. On July 3 one 
other colony was entirely depopulated; on August 1, one more; on 
September 14, three were fairly strong and 2 were weak. Not 1 of 
the 10 colonies used was killed outright, but 5 of them in a compara- 
tively short time were entirely depopulated, while the other 5 were 
rendered more or less weak. 

In the preliminary experiments the bees were installed in the 
orchards before the spraying had been done and were therefore 
working actively in the trees when the mixtures were applied. In 
most cases the bees were wetted by the sprays, by which they were 
driven from the trees, but returned in a few moments and continued 
to collect nectar and pollen. The lime-sulphur was the only substance 
used really repellent to the bees, but it did not keep them from the 
sprayed trees. In all cases they returned to the sprayed flowers 
before the lime-sulphur-arsenate mixtures on the foliage and blos- 
soms had become entirely dry. 

Immediately after the application of the spray mixtures, in the 
preliminary experiments, many sprayed fiowers were closely exam- 
ined. Most of them were thoroughly wetted with the sprays. Some- 
times the cavities containing the stamens and pistils were completely 
filled with the mixtures, but never was any of the spray seen in the 
nectaries. These observations were repeated at Winthrop after 
applying the already-mentioned mixture of 3 pounds of paste lead 
arsenate to each 50 gallons of water in a 200-gallon power sprayer. 
In one tank of mixture 4 gallons of lime-sulphur was used; in another 
tankful one-fourth ounce of methylviolet was dissolved and a third 
tankful contained 3 ounces of an aqueous solution of eosin. The 
object of the dyes was to determine whether or not they would color 
the flowers better than the lime-sulphur, so that the presence of the 
spraying materials might be traced in the blossoms. They proved 
no better than the lime-sulphur for this purpose, but all three sub- 
stances were fairly satisfactory for these tests. It was common to 
see the spray mixtures in the interior of the flowers, but they were 
never traced into the nectaries; the analyses of the nectaries from 
fresh flowers (Table 1), however, indicated that the mixtures did 
pass into the nectaries. Fine spray was generally seen on the anthers 
and stigmas; and, after it had evaporated, the petals were usually 
covered with small brown, violet, or pink dots, but the inner sur- 
faces of the stamen bars at or near their bases never appeared to be 
stained. 

On several occasions bees were closely observed when collecting 
pollen and nectar. Several bees with more or less pollen on their 
hind legs were seen collecting only nectar, but most of those with 
pollen on their hind legs were taking only pollen, while those with- 
out pollen on their hind legs were collecting only nectar. A bee col- 
lecting nectar usually alighted on the bunch of anthers and stigmas 
and instantly thrust its mouth parts between the stamen bars in 
order to reach the nectar. The anthers carrying the pollen came in 
contact with the upper portions of the front legs and with the throat 
of the bee, and some of the pollen adhered to the many branched 
hairs on the parts touched. 
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A bee collecting pollen also usually alighted on the bunch of 
anthers and stigmas. It removed the pollen from the anthers with 
its mouth parts, and, in transferring the pollen to the pollen baskets 
by means of the legs, much of the pollen adhered to the hairs on all 
the legs. A few bees were seen completely covered with pollen dust. 
When a bee returns to the hive with its load of nectar or pollen, it is 
usually cleaned before it leaves the hive again, most of the pollen 
dust adhering to the hairs being removed. The cleaners certainly eat 
some of the pollen dust removed, for bees in an observation hive are 
often seen to steal pollen from the pollen baskets before the bee 
carrying the pollen has placed its burden in a cell. Bees collecting 
_ the pollen probably swallow a small portion of the. grains while 
biting them loose from the anthers. 


RESULTS OF CHEMICAL ANALYSES 


To ascertain whether chemical analyses would corroborate the 
results obtained by observation, many samples were collected on 
various dates, consisting of parts of sprayed flowers, fresh pollen 
from legs of bees and from combs, honey, entire bees, foreign sub- 
stances removed from bees, parts of bees, dead pupee, and dead larve. 
The results of analyses of these samples are briefly summarized in 
Table 1, which, with the exception of the last column, is self-explana- 
tory. In that column the weight of arsenic found is expressed as 
parts per million in terms of metallic arsenic (As). For illustration, 
let us consider a sample containing flowers without the anthers and 
stigmas. The entire sample weighed 6.031 grams (about 0.21 ounce) 
and the metallic arsenic found in it weighed 0.1 milligram (about 
0.0000035 ounce). One tenth of a milligram is found bya simple com- 
putation to be 16.6 millionths of 6.031 grams. The weight of arsenic 
found in the sample is therefore 16.6 millionths, or parts per million, 
of the weight of the sample itself. 

Of all the parts of the flowers analyzed the pollen bore the most 
arsenic. Expressed as parts per million (using only whole num- 
bers), pollen from the legs of bees bore 117 (Table 1); fresh pollen 
stored in the hives, 96; anthers and stigmas of sprayed flowers, 55; 
and sprayed fiowers, not including the anthers and stigmas, which 
had been cut off, 32. 

Of the 12 samples of honey analyzed only 1 contained arsenic, and 
that only a trace. Most of this honey was probably collected before 
the bees had been installed in the sprayed orchard. Entirely un- 
ripened honey was scarce, perhaps owing to the fact that the bees 
ate the honey almost as rapidly as it was collected. In the pre- 
liminary experiments 18 samples of more or less unripened honey 
were collected, but when analyzed not 1 of them was found to 
contain arsenic. 

Nectaries carefully dissected from flowers sprayed in full bloom 
bore 0.0003 milligram each of arsenic, on an average (Table 1); 
nectaries from other flowers, sprayed after the petals had fallen, 
bore each 0.0007 milligram of arsenic. In computing these averages 
and others in Table 1 only the samples containing arsenic (As) were 
considered. 


EFFECTS ON HONEYBEES OF SPRAYING FRUIT TREES 9 


TABLE 1.—Results obtained from chemical analyses of samples collected at 
Winthrop, Me., 1914, after trees in full bloom had been sprayed 


Number of Aver- 
samples anal- age 
yzed— amount 
of ar- 
ae e ie Parts 
i S) per| of ar- 
Material analyzed welght |" indi- (seme 
Show- | Show- | num- |.Vidual /(As) per 
ing |ingno| ber! leet million 
arsenic | arsenic Sane 
ing 
arsenic 
Milli- 
Grams | grams 
Sprayed flowers, after removal of anthers and stigmas-___-_____- 5 0 WDA a bd ONC. Be 32 
Anthers and stigmas of the flowers__-__________________-______- 6 0 tA (|e 55 
PAN HEReTaNeS STOR DCCS vs a Se ee ae Ss 4 0 ASE ake Weta 117 
Hirsnepplenestored im hivese.. 22° 62 22 2 2 ee 12 0 Iba US i | eal 96 
[EN TiDG Fr es Ay Ta Ge ae a eS ee Neen ee 1 il oA ee oe 2 
Indi- 
5 viduals 
Nectaries from flowers sprayed in full bloom___________________ 6 1 OH |) CO OW0Rs Jae 
Nectaries from flowers sprayed after petals had fallen__________ 8 2 OS Wl OOO jase a= 
WE AMERCESHMOMNErADS Hess seer Ue Pv eb seo a. eee 15 4 37 | .0004 
First wash, containing foreign matter from other bees from 

traps (no arsenic in subsequent washes) ----___.__________-__- 1 3 Osh) OOOH ee es 
Meri enuEpOemcannierss s 4509) Seite soe 8 0 BO) |} 2 OOS ee 
Nectar and pollen carriers, after being washed five times-_-______ 14 (0) a0) || O00 ioe 
Washings from 81 pollen carriers: 

First wash, containing foreign matter______________________ 1 0 Sil) @OOR |e 

SEREG) WES. cee See ee 1 0 Gil | .MOOil es 

CNG? MaQin 2: 2s See oe ee ee | 1 0 81 500025 | == 

NURERMERU AS IEE eee eee ee OS. 1 0 SH fe GOUON pss 

TUS E UEC eS Sa ee a 2 See mee hae 8 1 0 Sy SOOO eso 
Nectar carriers, after removal of honey stomachs and intestines__ 4 0 ey (OO J 
Honey stomachs of the nectar carriers__--.__---_-___-___---___- 4 0 Ws | OMe Pe es 
fresiinesoLine nectar Carmlers. 2 ve. 2 ae 4 0 My |), (00s) Jos 
Pollen carriers, after removal of honey stomachs and iatestines__ 1 0 Bue |} OO poe 
Pollen carriers, washed five times, then honey stomachs and 

PHP MRMCSTCTIOVEO! 222501) e PAE TY a 2s fais 1 0 HOO | SMO |p a = 
Dead bees from traps, after removal of contents ofabdomens-_---__ 21 0 avs | WO Ie22 se 
Contents of abdomens of the bees__-______..___---__------------ 16 25 Bal ff OOP ee ee 
Dead bees from traps, washed five times, then contents of ab- 

MeIMEASIECTHONEO ES soit syne Me ER le ee 3 0 HOM ee OO 02 eaters 
PASTA DIPIEOMLOTD DLO DIS2 ees ee eh es ets (0) 2 15) FS. 9 5 arene 
PEP rey Ce MLOUIDIEE AIS? <2- 28 = 2k ee ge ees | 0 2 (tel athe all san nes Sie 

Total number of samples analyzed__-.____-..__-----_____- 139 Ef 0) ee Ne eh ANN Le ee 
x 


1 Average weight per individual of sample, or average number of individuals per sample, taken for an- 
alysis. 

A large number of dead bees from the traps bore on an average 
0.0004 milligram of arsenic each, including arsenic both within and 
without the body. To determine how much of this was carried out- 
side the bodies, 95 other dead bees from the traps were washed four 
times in a 20 per cent solution of arsenic-free concentrated nitric 
acid and the fifth time in 95 per cent alcohol. These five liquids 
(here called washes), containing the foreign matter from the bees, 
were then analyzed; the first one contained 0.0002 milligram of 
arsenic per bee, the other four none. . 

Eight samples of live nectar and pollen carriers, averaging 30 
bees each, caught on the alighting boards and killed in a cyanide 
bottle, carried, externally and internally, 0.0005 milligram of arsenic 
per bee, or 25 per cent more than was carried by the average of the 
dead bees from the traps. Fourteen other samples of live nectar 
and pollen carriers, averaging 30 bees each, caught and killed in the 
same manner, were washed five times, after which analysis showed 

56797 °—26——2 
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that the bees still carried an average of 0.0003 milligram of arsenic 
per bee. The difference between these two averages, 0.0002 milli- 
gram per bee, agrees with the average (0.0002 milligram) removed 
from the 95 dead bees from the traps by five ‘successive washes. 
Kighty-one pollen carriers, caught and killed in the same manner, 
were washed five times, and the successive washes analyzed; these 
contained per bee, in their consecutive order, 0.0003, 0.0001, 0.0002, 
0.0001, and 0.0001 milligram of arsenic, respectively. . 

To trace the arsenic inside the bees, samples were analyzed as fol- 
lows: Four samples of nectar carriers and one of pollen carriers, 
not washed, after removal of their honey stomachs and intestines, 
contained 0.0002 milligram and 0.0011 milligram, respectively, of 
arsenic per bee. The honey stomachs and intestines of the nectar 
carriers bore 0.0004 and 0.0005 milligram, respectively, of arsenic 
per bee. Pollen carriers, washed five times and deprived of their 
honey stomachs and intestines, averaged 0.0001 milligram of arsenic. 
Dead bees from the traps, after most of the abdominal contents had 
been squeezed out, averaged 0.0003 milligram of arsenic, while these 
contents carried 0.0002 milligram of arsenic per bee. Other dead 
bees, washed five times and similarly treated, averaged 0.0002 milli- 
gram of arsenic. 

Two samples each of dead pupez and dead larvee were analyzed, 
but none of them were found to contain arsenic. 


EFFECT ON HONEYBEES OF SPRAYING FRUIT TREES AT THE 
CUSTOMARY TIME 


The experiments just described, performed at Winthrop, Me., in 
1914, when the fruit trees were sprayed in full bloom, proved con- 
clusively that the bees tested had been seriously injured; but since 
fruit trees are now seldom sprayed in full bloom, this knowledge does 
not have the economic significance that it would have had when 
spraying in full bloom was commonly practiced; nevertheless, there 
are other times, approaching the period of full bloom, when spray 
materials are commonly applied. In certain regions the time for 
the so-called pink application is often very short; accordingly some 
orchardists are still spraying when the blossoms burst open. In 
’ other regions the fruit trees of the same variety may bloom irregu- 
larly, and in still other localities an orchard often contains trees of 
different varieties, some blooming early and some late. Under such 
conditions an orchardist when spraying does not usually select the 
trees to be sprayed at the proper time, but sprays all as he approaches 
them, regardless of the age of their blossoms. That bees may be 
seriously damaged when the trees are sprayed in full bloom strongly 
indicates that they may also be injured under the conditions just 
mentioned, and it is furthermore suggested that bees might be 
slightly injured by spraying at the customary time, when 90 per 
cent of the petals have fallen. 

To ascertain the effect on bees of spraying fruit trees at the cus- 
tomary time, the senior writer undertook a research at Roswell, 
N. Mex., in the spring of 1915, and later in the season repeated the 
experiments at Benton Harbor, Mich., using the dead-bee traps and 
analyzing samples of the dead bees collected. In the same season, 
at Winchester, Va., the junior writer undertook to determine the 
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death rate of bees by daily weighing the colonies. Owing to un- 
favorable weather in all three localities, the results obtained were 
not conclusive, and the experiments were repeated in 1916 at Win- 
chester and at Fennville, Mich., a town in the fruit belt of the Great 
Lakes, lying 6 miles from the eastern shore of Lake Michigan, by 
both writers working together, using both methods. 


EXPERIMENTS AT ROSWELL, N. MEX., 1915 


In regions where the irregular blooming of apple trees causes a 
long blooming period for an entire orchard, the trees to be sprayed 
range in condition from those in full bloom to those from which all 
the petals have fallen. Since it was desired to determine the damage 
done to honeybees by spraying trees in such regions, three commer- 
cial orchards, consisting of hundreds of acres of trees in an arid 
region about Roswell, N. Mex., were selected for experimental pur- 

oses. 

: On April 8, 1915, two apiaries totaling 105 colonies lying: near 
these orchards were examined, and 10 dead-bee traps were installed. 
Daily observations of the bees were made as usual. From this date 
till April 23, when the first spray mixture was applied, bees in all 
the colonies, except the two numbered 3 and 8, were dying ap- 
parently at a normal rate. These two colonies suffered abnormal 
losses and exhibited symptoms of arsenic poisoning; and when 10 
samples from them, each of 75 dead bees, were examined, all were 
found to contain arsenic, averaging 0.0003 milligram per bee. Hight 
samples of old pollen, stored in these two hives and probably col- 
lectecl from cover crops the preceding year, were also analyzed. 
Each one contained arsenic, averaging 9 parts per million. 

On April 23, when on an average about 90 per cent of the petals 
had fallen, the spraying was begun. During the afternoon of April 
24 a hailstorm stripped the trees of practically all the remaining 
petals, so that by April 26 every orchardist in the vicinity was be- 
ginning to spray. The spray mixture consisted of 2 pounds of paste 
lead arsenate to each 50 gallons of water, and was applied through 
three leads of hose under pressure varying from 200 to 240 pounds. 
Two 200-gallon power sprayers were used in all the orchards. 

At regular intervals after the spraying was begun samples of dead 
bees were taken from each of the 10 traps. Of 8 samples taken 
from hives Nos. 3 and 8, which contained pollen stored in 1914, 7 
contained arsenic, and of 16 samples from the other hives 15 con- 
tained arsenic in very small quantities. On April 28, when these 
experiments were discontinued, the 10 hives with traps were ap- 
parently as strong as when the work was begun, and no symptoms i 
arsenic poisoning were noticed except in the case of hives Nos. 
and 8. 

EXPERIMENTS AT BENTON HARBOR, MICH., 1915 


Heavy rains and frequent hailstorms in the region about Roswell, 
N. Mex., made conditions there abnormal for experimenting with 
bees. As the blooming period in the fruit belt of the Great Lakes 
is comparatively long, it was decided to repeat at Benton Harbor, 
Mich., the experiments just described. On May 6, 1915, three small 
orchards and two apiaries of 35 colonies were selected there for this 
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purpose. ‘Ten dead-bee traps were installed and observations were 
made daily as usual. Owing to rainy weather and irregularity in 
the blooming of the different varieties of apple trees, spray mix- 
tures of lead arsenate and lime-sulphur were applied whenever the 
weather permitted. As a result, a-few trees were sprayed in nearly 
full bloom, several when 80 per cent and many when 90 per cent of 
their petals had dropped, and many after all of the petals had fallen. 

Observations showed that a small percentage of the mortality of 
the bees was caused, by arsenic. poisoning, but none of the colonies 
was apparently reduced in number of bees. Thirty-three samples 
of dead bees were analyzed, of which 380 were found to contain 
arsenic in very small quantities. 


EXPERIMENTS AT WINCHESTER, VA., 1915 AND 1916 


The experiments conducted at Winchester in 1915, inconclusive in 
result because of unfavorable weather, were continued there in the 
spring of 1916 by both writers, using the dead-bee traps and analyz- 
ing samples of the dead bees collected, and also weighing certain 
colonies day by day. The latter method of investigation was first 
tried at Winchester in 1915. In both years: the experiments were 
conducted in three apiaries, each free from foulbrood and surrounded 
by large commercial orchards: The Cooper apiary, of 70 colonies, 
lying 3 miles south of Winchester; the Miller apiary, of 40 colonies, 
3 miles southwest; and the Lupton apiary, of 5 colonies, 2 miles west. 
For the weighing experiments in 1915 only the Cooper apiary was 
used, but in 1916 they were carried on in both the Cooper and 
Lupton apiaries. Six colonies, selected from the former apiary, were 
weighed daily, and the three following factors were considered in _ 
selecting them: (1) As a precaution against an abnormal death rate 
they were not transferred from their own aplary, nor were they 
unnecessarily disturbed; (2) they showed the best evidence of having 
had uninterrupted brood-rearing during the spring, and so of having 
a well-balanced ratio of old and young bees; and (3) they occupied 
well-marked positions in the apiary, thus preventing, so far as 
possible, errors due to the bees entering the wrong hive. 


APPARATUS AND METHODS 


Platform scales, sensitive to a variation of one-fourth ounce, were 
used to weigh the colonies. At Winchester these scales were located 
in a small building at one side of the apiary, and at Fennville, Mich., 
a temporary shelter was constructed for them. The primary purpose 
of the shelter, in each case, was to protect the scales from the wind 
and so prevent or reduce errors in the readings. 

Chemical balances were used to determine the weight of the sam- 
ples of a known number of bees and to ascertain the variation in the 
weight of the bees from day to day. In each case these balances were 
located in a building adjacent ‘to the apiary. 

In order to weigh the colonies when the bees were in the hive, the 
weighing was done in the morning, as soon as there was sufficient 
daylight for the work (about 4.30 o’clock). Each of the six hives 
containing the colonies under observation was in turn carried to the 
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scales, weighed, the weight recorded, and the hive returned to its 
place in the apiary. After the gross weights of all hives, each with 
its contents, had been determined, the bees in each hive were quickly 
transferred to another, and the hive from which they were taken, 
together with its combs of brood and honey, was again weighed. 
The difference in the two weights was the weight of the bees, plus 
that of any honey they were able to take from the combs during 
the process of transferring. To prevent any addition to the popu- 
lation of the colonies by the emergence of young bees during the 
experiment, all combs containing nearly mature brood were removed 
from the hives as the brood approached maturity. 

Since in this experiment the daily loss of individual bees was to 
be determined by the daily loss in weight of the colony, the variation 
in the quantity of honey that the bees might take from the combs 
and carry with them while being transferred would be a disturbing 
factor, but the method used in transferring them from one hive to 
another was such that they had no opportunity to take any honey 
from the combs, because they were kept moving from the time the 
hive was opened until they were in the other hive. 

To shorten the necessary manipulation, only 5 combs instead of 10 
were used in each hive. After the gross weights of all the hives had 
been determined hive No. 1 was removed from its stand and an extra 
hive with five empty combs but no cover was put in its place. Hive 
No. 1 was then lifted from its bottom board and set on top of the 
prepared hive. Its cover was removed, the five combs spread apart, 
and by means of a brush the bees were dislodged from the combs, 
while smoke was applied to prevent their return. Each comb was 
then removed, swept clean of bees, and placed in an empty hive body. 
Hive No. 1, now emptied and free from bees, was then reassembled 
and again weighed, with all parts, including the combs of brood and 
honey. This hive, with its five combs of brood and honey, then 
received colony No. 2, similarly transferred. This process was re- 
peated until the weight of each of the hives and contents, minus the 
bees, was determined. The five combs of brood from colony No. 6 
were then given to colony No. 1, and the empty combs which had been 
given temporarily to colony Nc. 1 when it was transferred were 
removed. This routine was repeated daily during the experiment, 
care being taken to finish the work before any bees could return from 
the fields with nectar, and so introduce error from that source. 

To determine how much variation, if any, there was in the weight 
of individual bees from day to day, caused chiefly by their greater 
‘activity during the honey flow, a sample averaging 22.5 bees was 
weighed each day on the chemical balances. These bees were taken 
each morning from the same colony (No. 6) to avoid differences that 
might result from a difference of temperament. The bees were taken 
after having been dislodged from the combs to the hive from which 
they were transferred, and before they could reach the combs of the 
hive to which they were being transferred. 

To obtain data on the collection of nectar from the fruit blossoms 
at various intervals during the day, the following methods were 
employed: To determine the load, largely of nectar, which the bees 
carried during the most favorable time for foraging, 10 outgoing 
and 10 returning field bees caught at the hive entrances were 
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weighed on the chemical balances hourly during each day. To ascer- 
tain the iner ease, also consisting largely of nectar, of an undisturbed 
colony, a hive of bees was kept on the scales at Winchester in 1916, 
and hourly readings were made of the weight of the entire hive and 
contents. In 1916, at both Winchester and Fennville, the hives and 
combs of the colonies w eighed daily were kept together in sets in 
order to obtain the daily gain or loss in weight. Furthermore, 
observations were made hourly during the day on the amount of 
visible nectar in the blossoms and the number of bees visiting them. 

To determine the gain or loss of both old and emerging bees, two 
colonies (Nos. 17 and 18) in the Lupton orchard were weighed on 
the evenings of April 29, May 4, and May 11, after the bees had all 
returned to the hives. The weight of the bees, separate from the 
hive and combs, was found by a method similar to that used in the 
daily weight determinations previously described, but in this case 
the maturing brood was not removed. 

Four dead-bee traps (Nos. 7 to 10) were installed in the Cooper 
apiary, four (Nos. 11 to 14) in the Miller apiary, and two (Nos. 15 
and 16) in the Lupton aplary. 

Data on the local temperature and humidity prevailing during 
the experiments were obtained by means of a thermograph, hygro- 
graph, maximum and minimum thermometers, and a sling psychro- 
meter. Observations were also made on the direction and velocity 
of the wind and character of day. ; 


DAILY OBSERVATIONS 


In 1915, at Winchester, abnormal weather conditions greatly 
hastened the development of the fruit blossoms. No weight records 
were obtained previous to the applcation of the spray mixture. 
On the morning of April 30 the first weight record (on the platform 
scales) was obtained, and spraying was begun in a large orchard 100 
yards distant from the bees weighed. On April 29, when about 60 
per cent of the petals had fallen, the bees worked freely on the 
blossoms; on April 30, after a strong wind and when 95 per cent 
or more of the petals had dropped, the bees worked less freely; and 
from this date till the end of the experiments on May 8 very little 
nectar was gathered from the sprayed blossoms. 

On Apr il 30 the total weight of the bees in the six hives weighed 
was 215 ounces (Table 2) ; but on May 8, eight days after the spray- 
ing was begun, the bees weighed 84 ounces less. The average daily 
loss was therefore 10.5 ounces, or 4.88 per cent of the initial “weight. 
The loss in ounces for each of the several days from April 30 to May 
8, inclusive, beginning with May 1, was 40, 15, 7, 5.5, 7, 1.5, 0.5, and 
7.5 ounces. The first daily loss was exceedingly large; the others 
relatively small. 
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Tape 2.—Results obtained by weighing honeybees at Winchester, Va., 1915, to 
determine the effect on them of spraying fruit trees at the customary time 


Weight of adult bees (after spraying) on the dates specified 


Colony number 
April | May | May | May | May | May | May | May | May 
1 2 3 4 5 6 7 8 


301 

Ounces | Ounces | Ounces | Ounces | Ounces | Ounces | Ounces | Ounces | Ounces 

Leen er 43.25} 34.00] 32.25] 31.75) 30.25 | 29.50) 29.50] 28.50 26. 00 
2 oe eecce er 22.00} 17.75] 14.00] 138.25) 11.50] 10.75) 11.25] 10.50 9. 25 
Sano al ee 40.50 | 34.00} 33.50} 31.00] 30.25] 29.00] 27.50] 29.50 27. 50 
Repppeeeiee es tree fee Sie UD || BIER Sera 2760) |) PEON Cer PACE I) Bae 7G) 22. 75 
G2 el eee 30.75 | 24.75 | 23.75} 21.25 | 21.75 | 19.00] 19.00] 17.75 18. 25 
Gio. ADs to) |e san00 le 29925 e2Saonleete2oal me 2ONOO) le 2ve25) |) 28250 27. 25 
Total weight__________ 215. 00 | 175.00 | 160.00 | 153. 00 | 147.50 | 140.50 | 139.00 | 138.50 | 131.00 
yrange gss ere he Sy fs Se 40.00 | 15. 00 7. 00 5. 50 7. 00 1. 50 0. 50 7. 50 


1 Date on which spraying was begun. 


In 1916, at Winchester, from the time the trees were almost in 
full bloom till all the petals had dropped, the weather was almost 
ideal and the bees worked normally. Spraying was begun May 5, 
in the Lupton orchard; occasionally on that day a tree still having 
50 per cent of its petals was sprayed, although most of the trees had 
lost more than 50 per cent but less than 90 per cent of their petals. 
On the same day a few bees were seen visiting these trees. On May 
6 about 98 per cent of the petals had fallen from most of the trees, 
but a few trees still bore 10 per cent of their petals. A bee was occa- 
sionally seen visiting the large sprayed trees, but more were observed 
on a few young trees of a later variety which had also been sprayed. 
On May 7 a few-bees were still observed visiting the sprayed trees; 
on May 8, when practically all the petals had fallen, only now and 
then was a bee seen in the trees. 

On May 5 spraying was also begun 114 miles south of the Cooper 
aplary, but no spray was applied nearer this apiary until May 8. 
On the latter date, when more than 90 per cent of the petals had 
fallen, spraying was begun in the orchards near the Cooper apiary. 
On this date and during the three following days very few bees 
were seen in the trees in these orchards, but they were common on 
the sprayed dandelion and grape hyacinth under and between the 
fruit trees. 

On May 8 spraying was begun 1 mile southwest of the Miller 
apiary and on May 10 it was general in the Miller neighborhood, 
but the Miller orchard was not sprayed till May 11. On that date 
no petals were left on the trees and no bees could be seen in the trees. 

In regard to the dead bees counted in the bee traps before spray- 
ing, those caught in traps Nos. 7 to 10 averaged 35 a day; those in 
traps Nos. 11 to 14 also 35; and those in traps Nos. 15 and 16 only 17, 
making a general daily average of 31 dead bees per trap. After 
spraying was begun, the dead bees caught in traps Nos. 7 to 10 
averaged 23 a day; those in traps Nos. 11 to 14, 19 a day; and those 
in traps Nos. 15 and 16, only 12 a day, making a general daily aver- 
age of 19 dead bees per trap. It will be shown later that these fig- 
ures represent only a small percentage of the mortality of the bees, 
but it is believed that they nevertheless represent a true mortality 
index of the colonies before and after the spraying was begun. 
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On April 28, 1916, the total weight of the bees in the six hives 
weighed in the Cooper aplary at Winchester was 298.5 ounces (Table 
3). The daily loss (or gain) in ounces from April 28 to May 12, in- 
‘elusive, beginning with April 29, was 4.5, 7.25, 6.5 (gain), 8. 75, 5.5 
(gain), 21, 10. 15, 14.75, 28.5, 3.25, 13. 25, 2.5, 19, and 6.5 ounces. 
Reference to Table 3 shows slight daily losses, and on two days (May 
1 and 3), slight gains, from ‘April 28 to May 8, and heavier losses 
thereafter. Since none of the samples of dead bees collected before 
May 8 in this apiary contained arsenic when analyzed, it is reason- 
able to suppose that these bees had not visited the sprayed trees 114 
miles south of their apiary. Before the weighed bees had visited 
the sprayed trees they lost 9.28 ounces as a daily average, being 
3.11 per cent of their initial weight; after having visited the sprayed 
trees near by, they lost 8.9 ounces as a daily average, being 3 per cent 
of their initial weight. The theoretical daily mortality, based on 
six weeks as the normal life of bees, is 2.38 per cent. 


RESULTS OF CHEMICAL ANALYSES 


At Winchester, in 1915, 6 samples of dead bees, 9 samples of pollen, 
and 6 samples of honey were collected and analyzed. Not one was 
found to contain arsenic. In 1916, at Winchester, samples of dead 
bees and pollen were, as usual, collected and analyzed. Five of 
18 samples, each of 100 dead bees, contained no arsenic; analysis of 
the others indicated the presence of arsenic, although not enough to 
have killed the bees analyzed (see pp. 24 to 26). Six of 10 samples 
= pollen analyzed contained no arsenic; the others had only a trace 
of it. 

EXPERIMENTS AT FENNVILLE, MICH., 1916 


The experiments just described were repeated in 1916 at Fennville, 
Mich. Three apiaries, surrounded by commercial orchards, were se- 
lected. The Langley apiary of 12 colonies lay 44% miles west of 
Fennville, the Pratt apiary of 14 colonies 6 miles west and 100 yards 
from the lake shore, and the Pshea apiary of 30 colonies 5 miles 
northwest. For the weighing experiments 6 colonies in the Langley 
aplary were used. 


APPARATUS AND OBSERVATIONS 


The platform scales and chemical balances were installed in a 
temporary shelter by the side of the Langley apiary, and three dead- 
bee traps (Nos. 7 to 9) were also installed in front of hives Nos. 7 to 9 
in this apiary. Four bee traps (Nos. 10 to 13) were installed in the 
Pratt apiary and four (Nos. 14 to 17) in the Pshea apiary. 

From May 22 to June 2 (the period of the experiments) the 
weather was almost ideal (Table 4), the blossoms secreted nectar 
more abundantly than they did at Winchester, and the bees worked 
well in the trees. The number of bees visiting the trees during full 
bloom and later agreed closely with the number observed during the 
same period at Winchester. 

On May 22, 24, and 25, two orchardists sprayed their fruit trees, 
nearly in full bloom, located 1 mile west and southwest of the Lang- 
ley apiary, with lime-sulphur and lead arsenate. Daily observations 
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showed that the trees were not visited by bees. On May 29 spraying 
was begun near the Langley apiary. Practically all the petals had 
fallen and the bees had almost ceased visiting the trees. On May 30 
the orchards nearest the Langley and Pshea apiaries were sprayed, 
but no bees were observed in the trees. On May 31 spraying was gen- 
eral in the neighborhood of all the bees under observation, and spray 
mixture was applied thereafter for several days. 


TABLE 4.—Results obtained by weighing honeybees at Fennville, Mich., 1916, to 
determine effect on them of spraying fruit trees at the customary time 


Weight of adult bees (before spraying) Weight of adult bees (after spraying) 


on the dates specified on the dates specified 
Colony No. 
May May May | May | May | May | May May | June June 
24 25 26 27 28 29 1 30 31 1 2 
Ounces | Ounces | Ounces | Ounces | Ounces | Ounces | Ounces | Ounces | Ownces | Guices 
1 eye 0 aoe einer ee 71.50 | 65.50] 63.25} 60.00} 55.25 | 50.00] 50.50} 48.50] 44.75 45. 00 
Tag aie ae ieee eS, 53.75 | 49.25} 56.00} 43.50] 46.00] 38.00] 37.00) 35.50] 31.50 31..00 
Beane be oe ae abe 92.25 | 89.00} 88.00] 81.50] 77.25 | 68.75 | 68.50] 64.75 | 59.25 58. 25 
tat bavar Braise fies 82.25 [ 74.50] 78.00 | 73.00} 69.00 | 64.00] 61.75 {| 61.00} 52.00 50. 75 
Se ae he REI oem 34.75 | 33.00] 34.75) 28.75} 30.00 | 26.25} 26.00] 24.50) 22.50 19. 00 
GSE EES EI IS Fh 65.75 | 59.00} 56.00} 51.25) 50.25) 44.00] 44.75} 42.00] 36.00 34. 75 


Total weight__} 400. 25 | 370.25 | 370.00 | 338.00 | 327.75 | 291.00 | 288. 50 | 276. 25 | 246.00 238. 75 
Dail ylOSSHe eae ee ees 30. 00 Sea) 32. 00 10. 25 36. 75 2. 50 12. 25 30. 25 (674) 
Average daily load } 
per returning field | Gram | Gram | Gram | Gram | Gram | Gram | Gram | Gram | Gram | Gram 
| OY eT sys iia SIR 0. 0412 | 0.0485 | 0.0529 | 0.0369 | 0.0316 | 0.0250 | 0.0149 | 0.0249 | 0.0209 |________ 
Average daily 
weight per indi- 
vidual bee in col- 


OnyeNOl 62 -1210 | .1232!] .1255| .1288! .1225 | .1089! .1271 | .1197! .1147 . 1074 
Maximum tempera- 
Gunes ee ea 75 79 85 73 73 74 64 69 (4c\Vensee es: 
Minimum tempera- 
urease Se eae i 55 62 62 62 51 59 53 45 52 62 
Character of day____| Part | Clear. | Clear.! Part | Clear. | Rainy.} Clear. | Clear.| Part | Clear. 
cloudy cloudy. cloudy. 


Character and direc- Light Strong] Calm | Strong} Light | Light | Strong| Calm | Strong] Light 
tion of wind_______ W. sw. SW. N. NW. | SW. N. NW. Ss. SW. 


1 Spraying begun near the Langley apiary and continued for several days. 


On the basis of the number of dead bees counted in the bee traps 
before spraying was begun, they died in hives Nos. 10 to 13 at the rate 
of 13, and in hives Nos. 14 to 17 at the rate of 12 per day, making 
an average of about 13; after spraying was begun they died in hives 
Nos. 10 to 13 at the rate of 8 and in hives Nos. 14 to 17 at the rate of 
10 per day, an average of 9. Colonies Nos. 7 to 9 in the Langley 
apiary have not been considered in computing these figures, because 
both before and after the spraying was begun they did not behave 
normally, being weak and badly diseased, and one was queenless. 

On May 24, 1916, the total weight of the bees in the six hives 
weighed in the Langley apiary at Fennville was 400.25 ounces (Table 
4). The daily loss in ounces from May 24 to June 2, inclusive, be- 
ginning with May 25, was 30, 0.25, 32, 10.25, 36.75, 2.5, 19.25, 30.25, 
and 7.25 ounces. The apparent heavy losses on May 25 and 27 and 
June 1 occurred coincidentally with an interference in balancing the 
scales when a strong wind was blowing. The weight of the bees in 
the sample taken on May 29, when the weather was rainy, suggests 
that the apparent heavy loss on this date may have been due to the 
lighter loads carried by the bees at the time they were weighed. 
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Since none of the samples of dead bees collected before May 29 in this 
apiary contained when analyzed more than a trace of arsenic (the 
amount usually found in control samples) it is reasonable to suppose 
that they had not visited the trees sprayed almost in full bloom 1 
mile from their apiary. Before the weighed bees had visited the 
sprayed trees they lost 18.12 ounces as a daily average, or 4.53 per 
cent of their initial weight; after having visited the sprayed trees 
they lost an average of 17.8 ounces per day, or 4.45 per cent of 
the same initia! weight. The theoretical daily mortality is 2.38 
per cent. 
RESULTS OF CHEMICAL ANALYSES 


Samples of dead bees and pollen were collected and analyzed as 
usual. Of 19 samples of dead bees analyzed, 10 yielded traces of 
arsenic, although not enough to have killed the bees (see p. 24 to 26). 
Of 9 samples of pollen analyzed, 2 contained no arsenic, .2 a trace of 
arsenic, and 5 arsenic in larger amounts although not enough to 
have killed the bees. 


EXPERIMENTS AT DRUMMOND, MD., 1917 


The experiments just described were repeated on a small scale in 
1917 at Drummond, Md., where the bee culture laboratory of this 
bureau was then located. Observations extended from April 27 to 
June 9. On April 30 the 11 apple trees there available were in full 
bloom and the bees worked abundantly in them. On May 7, when — 
about 90 per cent of the petals had fallen and several bees were 
still visiting the blossoms, these trees were sprayed. From this date 
till May 14, when practically all the petals had fallen, very few bees 
were seen visiting the sprayed blossoms, and during much of this 
interval the weather was unfavorable for flying. On May 9 and 10 
bees were observed collecting brown pollen from sprayed apple blos- 
soms from which the petals had fallen. On May 26 they began 
storing nectar; from June 2 to 9 there was a heavy honey flow, al- 
though not from apple blossoms. 

On April 27 the total weight of the bees in the 6 hives weighed at 
Drummond was 519 ounces. The daily losses (or gains) in ounces 
from April 27 to May 12 inclusive, and on May 19, May 26, June 2, 
and June 9, beginning with April 28 as the first day and ending with 
June 9 as the 43d day (Table 5) were 34.75, 16, 9, 21.75, 0.75 (gain), 
11.75, 3.5, 18.75, 19.75, 30.5 (gain), 40.5, 0.25, 5.75, 12.75, 18.5, 35, 
27.5, 35.5, and 33 ounces. Before the weighed bees had visited the 
sprayed trees they were losing daily 14.94 ounces, on an average, or 
2.88 per cent of their initial weight; after having visited the sprayed 
trees, they lost during the first 6 days 7.88 ounces as a daily average, 
which was 1.52 per cent of their initial weight, or they lost 1.01 per 
cent as a daily average for the full period of 34 days after the trees 
had been sprayed. The theoretical daily mortality, based on six 
weeks as the normal life of bees, is 2.38 per cent. 

Samples of pollen and bees were collected and analyzed as before, 
but this time the dead-bee traps were not used. Twenty samples of 
pollen were analyzed, none of which was found to contain arsenic; 
10 of these were taken from the hives before and 10 after the trees 
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had been sprayed. None of the 10 samples of pollen carriers, col- 
lected on May 10 and 11 was, when analyzed, found to contain 
arsenic. Of 10 samples of dead bees collected on May 14 and 22 in 
front of the hives, arsenic was found in only 3, and these came from 
three colonies which apparently had been suffering for some time 
from bee paralysis. However, no arsenic was found in samples of 
pollen. taken from two of the three hives. 


TABLE 5.—Results obtained by weighing honeybees at Drummond, Md., 1917, to 
determine the effect on them of spraying fruit trees at the customary time 


Weight of adult bees (before spraying) on the dates specified 


Colony No. 

Apr. 27| Apr. 28} Apr. 29) Apr.30) May 1] May 2] May 3] May 4} May 5 | May 6 

Ounces | Ounces | Ounces | Ounces | Ounces | Ounces | Ounces | Ounces | Ownces | Ounces 
WS ee 2d 3 oe, Ae ee 89.00 | 84.00} 83.75 | 81.50) 76.00} 75.00} 73.00} 73.00] 69.50 66. 25 
DY ae PRA eee ie 100.50 | 89.50] 85.75} 87.50] 85.50] 89.25) 81.50] 82.50] 81.25 78. 00 
ee lo bs a Sa 63.50 | 55.25} 57.00 |] 54.00] 54.00] 53.00] 54.00) 51.50} 49.50 47. 00 
Ain eres a Seon 98.00} 97.50} 90.00] 91.60] 83.00} 84.50] 8425} 83.00; 77.00 73. 25 
RST ony ed ek See 111. 00 | 108.00 | 99.75 | 96.50 |* 91.50 | 90.00] 88.25] 87.50] 88.25 77. 50 
(Tiberi eee es Ee 57.00 | 50.00} 52.00 | 48.75 | 47.50] 46.50) 45.50) 45.50] 43.75 42. 50 
Total weight______ 519. 00 | 484. 25 | 468. 25 | 459. 25 | 437. 50 | 438. 25 | 426. 50 | 423.00 | 404.25 | 384. 50 
Daily loss or gain _|______-- —34.75 |—16.00-} —9. 00 |—21. 75 | +0.75 |—11.75 | —3.50 |—18. 75 | —19.75 


Average daily 
weight per indi- 
vidual bee in col- | Gram | Gram | Gram | Gram | Gram | Gram Gram| Gram| Gram| Gram 
OIn7 INO; Gsei5—Se-5| Se 0. 1060 | 0.0965 | 0.0974 | 0.1087 | 0.0990 | 0. 0973 | 0. 0958 | 0. 0852 0. 0923 


Weight of adult bees (after spraying) on the dates specified 


Colony No. | ne 
May 71| May 8 | May 9 | May 10} May 11) May 12} May 19] May 26) June 22) June 9 

Ounces | Ounces | Ownces | Ounces | Ounces | Ounces | Ownces | Ounces | Ounces | Ounces 

eRe ed aes 69.00 | 61.00] 64.00] 63.25] 59.50] 55.00} 48.00} 49.00} 46.00 45. 50 

2b) Seca) N38 oS 78.50 | 74.50} 72.00) 73.50] 70.25] 65.50] 62.75] 56.75] 53.00 44, 25 

De ee ners 52.25 | 47.25 | 49.00 | 45.25 | 44.50] 43.75 | 40.50] 36.00) 32.25 25. 00 

Geiss. Sep eee LE eO 83.00 | 71.25) 69.00] 71.50} 67.00} 65.00] 61.50] 53.75] 51.50 40. 50 

Ole ao See SS ae 85.00 } 77.75 | 75.00] 72.50} 74.00] 69.25] 57.50] 49.25} 26.00 31. 00 

(Bh ae eae eee 47.25} 42.75 | 45.25 | 42.50} 40.50] 38.75 | 32.00] 30.00] 30.50 20. 00 

Total weight _____- 415. 00 | 374. 50 | 374. 25 | 368. 50 | 355. 75 | 337. 25 | 302. 25 | 274. 75 | 239.25 | 206. 25 


Daily loss or gain. |-++30. 50 |—40. 50 | —0. 25 | —5. 75 |—12.75 |—18. 50 |—35. 00 |—27. 50 |—35. 50 | —33. 00 
Average daily 

weight per indi- 

vidual bee in col- | Gram | Gram | Gram | Gram |.Gram | Gram | Gram | Gram | Gram | Gram 

OnyeNOn6se— ees 0. 0953 } 0.1131 | 0.0910 | 0.0893 | 0.0992 | 0.0922 | 0.1092 } 0.1030 | 0.13890 | 0, 1242 


1 Eleven neighboring trees sprayed. 2 Heavy honey flow from June 2 to June 9. 


Table 6 is a summary of the results obtained by weighing bees 
at Winchester, Fennville, and Drummond. The daily losses in 
ounces, recorded in Tables 2 to 5, have been changed to percentages. 
For comparative purposes these percentages and the theoretical 
normal daily mortalities are represented in Table 6 as accumulated 
daily losses. The daily losses of the bees at either Fennville, Win- 
chester (1916), or Drummond may be compared singly with the 
theoretical daily losses, or the average daily losses recorded for 
these three localities may be compared with the theoretical figures. 
Since no weight records were taken at Winchester in 1915 before 
the spraying was begun, the percentages for this locality after the 
spraying was begun are not averaged with those of the other three 
localities, but are merely given for general purposes ef comparison. 
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Table 6 clearly shows that the spraying did not affect the daily 
mortalities of the bees experimented with. 


TABLE 6.—Summary of results obtained by weighing honeybees at Winchester, 
Va., 1915 and 1916; Fennville, Mich., 1916; and Drummond, Md., 1917 


Number of days before spraying 


9 8 7 6 5 4 3 2 1 
Loss, as indicated by 
actual weights at— LE Gi, || IP GhS || TRG || 2G |) Jain |) Fa Gin || 12 Gin) I2.@k de Gio 
oe Henmnyl lle glOlG = So /e.2 2. Sle cee 2 Ss bss. Z| ee a BN ee 7. 50 7.56 | 15.55 | 18.11 
ribs Winchester, 1916___| | 1.51 3. 94 1. 76 4,69 | - 2,85 9.88 | 13.48 | 18.43 | 27.97 
ted Drummond, 1917__| 6.70 9.78 | 11.51 | 15.70] 15.56 | 17.82] 18.50] 22.11 | 25.92 
daly PSVeTAves! 2 sa2 = 4.10 6. 86 6.63 | 10.19 9.20 | 11.73 | 13.18 | 18.70} 24.00 


Theoretical loss, 
based on 6 weeks as 
normal life of bees__._| 2.38 4.76 7.14 9.52 | 11.90 14.29 | 16.67 19.05 | 21.43 


11 2 3 4 5 6 13 20 27 34 
Loss, as indicated by . 
actual weights at— IP ais |) L27GE || J2aGE WP Ies Gis || JER Gis \\ 42. Ce IRS Gis || 125 Gin || IPS Qinl|| JB. Gi 
HernvaAle TLOLG’ = ee 276308) 2792 |°30:.98 || 38R04\W40e Bom [Roe se eee Tb a eee TS 


Wianehester, 1916._+:|,29..06 | 33.50 | 34.34 | 40.70 ) 42!88) [202-22 |22 2 JE fee ee ee 
Drummond, 1917__| 20.04 | 27.84 | 27.89 | 29.00 | 31.45 | 35.02 | 41.76 | 47.06 | 53.90} 60. 26 


Accu- 
Boe Average..__-__--- DST WN GS! TAPE MG (Oe METS OES] EG I ee 
Aa Theoretical loss, 

et based on 6 weeks as 


normal life of bees__| 23.80 | 26.19 | 28.57 | 30.95 | 33.33 | 35.71 | 52.38 | 69.05 | 85.71 | 100.00 


Loss, as indicated by 
actual weights at 
Winchester, 1915___| 18. 60. | 25.58 | 28.84 | 31.40 | 34.65 | 35.35 |_____ Saif a NT A a el A 


1 Day on which spraying was done or begun. 
INTERPRETATION OF RESULTS 


It is to be expected that the bees carried increasing quantities in 
‘their honey sacs from day to day as the honey flow increased, owing 
to the beginning of such activities as wax secretion and the evapora- 
tion of nectar, and that they carried decreasing quantities from day 
to day as the honey flow declined toward its close. This is verified 
in a general way by the weights of samples of a known number of 
bees taken in colony No. 6 previous to, during, and after the honey 
flows (Tables 3 to 5). For this reason it is to be supposed that the 
apparent loss in number of bees, as indicated by the weights, is less 
than the actual loss during the beginning of the honey flow and 
greater than the actual loss at the close of the honey flow. This is 
verified by the weight records (Table 3) obtained at Winchester in 
1916, previous to (April 27 to 29) and during the honey flow (April 
30 to May 5), and after its close (May 6 to 12). Using the average 
weight (0.0968 gram) per individual bee in the hives on April 28, 
just before the honey flow started, the average weight (0.1195 gram) 
on May 2, at the height of the honey flow, and the average weight 
(0.1098 gram) on May 12, after the close of the honey flow, it fol- 
lows that, since there are 28.850 grams per avoirdupois ounce, an 
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ounce of bees on the first date contained 292.9 bees; on the second, 
237.2 bees; and on the third, 258.2 bees. The general average per 
bee of the 1,170 individual bees weighed in 52 samples at Winchester 
in 1915 and 1916 and at Fennville and Drummond is 0.1099 gram. 
Using this value, an ounce of bees is found to contain on an average 
258 individual bees, or a pound would contain 4,128 bees. 

At Winchester in 1915 (Table 2) and Fennville in 1916 (Table 
4), the weights of the colonies were ascertained only during and after 
the honey flow from apple trees; it is therefore to be expected that 
the loss in number of bees as indicated by the weights at the close 
of the honey flow is, because of the decreasing quantities carried in 
their honey sacs, greater than the actual loss. This expected decrease 
is verified in the average weight of honey per bee in the samples taken 
at Fennville (Table 4); but, judging from the average weight per 
bee in the samples taken at Winchester in 1915, this decrease had 
already taken place before any samples were weighed, since none 
was weighed on the chemical balances in 1915 until May 2. These 
weighings are not published, as the season’s work was brief and in- 
conclusive. 

During a 5-day period before the spraying, colony No. 17 in the 
Lupton apiary gained 12 ounces, or an average of 2.4 ounces per day; 
colony No. 18 gained 20 ounces, or 4 ounces per day. During a 7-day 
period after the spraying, colony No. 17 gained 18 ounces, or an 
average of 24 ounces per day; colony No. 18 gained 14 ounces, or 2 
ounces per day. The total gain of 32 ounces for the two colonies both 
before and after the spraying was begun was certainly due to the ad- 
dition of young bees to the colony, as the maturing brood had not 
been removed. It seems evident that the spraying had no effect on 
the combined weight of all the old and emerging bees; if the old 
bees were affected their decrease was balanced by an increase of the 
young ones. 

The figures representing the nectar stored in the combs of the six 
hives weighed in the hive kept on the scales, and as a daily load per 
returning field bee, are all in harmony and their curves take the 
same general direction. 

The weighing experiments showed that the death rate in a normal 
colony averaged about 600 bees per day, whereas the dead bees 
caught in the bee traps averaged only about 18 per day, thus indi- 
eating that about 97 per cent of the bees that died succumbed in 
the fields. 

In summing up the results of the experiments conducted at Win- 
chester and Fennville in 1916, and at Drummond in 1917, when the 
fruit trees were sprayed at the regular time, it appears for several 
reasons that the spraying did not injure the bees: (1) The daily 
weight records and the counts of dead bees in the traps show that 
the bees died more rapidly before than after the trees were sprayed. 
(2) The gain in weight of all the old and emerging bees before 
the spraying was begun was equal to the gain after, in the case of 
the two colonies tested. (8) After the spraying was begun the 
results obtained from the chemical analyses of the samples of dead 
bees did not indicate that the bees had-died of arsenical poisoning. 
(4) No symptoms of arsenical poisoning were noticed at any time 
among the bees, : 
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MINIMUM AMOUNT OF ARSENIC FATAL TO BEES IN CONFINE- 
/ MENT 


_ Chemical analyses of the samples of dead bees collected in 1914 at 
Winchester and Winthrop, after fruit trees had been sprayed in 
full bloom, showed that some samples taken at Winchester contained 
0.0002 milligram of arsenic (As) per bee, and that some taken at 
Winthrop contained as much as 0.0004 milligram per bee. It was 
yet to be shown whether these quantities were fatal to bees. A series 
of experiments intended to decide this question was conducted at the 
bee culture laboratory at Drummond in July, August, and Septem- 
ber of that year. 
METHODS 


To determine the behavior and to time accurately the longevity 
of bees fed definite quantities of arsenicals in confinement, 11 tri- 
angular observation cages were used, each made of 3 narrow wooden 
strips 1 inch wide, 2 of which were 10 and the third 6 inches long. 
Wire screen was used for the bottoms and tops of the cages, which 
lay on a table by a window. I ifty workers from alighting-boards 
were placed in each cage and fed definite quantities of poisoned 
candy or honey in small feeders, one to each cage, so covered with 
wire that the bees could not waste the food. 

As an illustration of the method of procedure, 20 grams of finely 
pulverized confectioner’s sugar and 1 milligram of finely pulverized 
Paris green were thoroughly mixed together; 20 grams of honey 
were added and the mixture again stirred thoroughly. The cages 
and feeders were carefully washed and dried to be sure that they 
were free of arsenic. One-tenth of this poisoned paste candy was 
put in each of 10 feeders, and nonpoisoned candy in the eleventh, 
for the control bees; in each cage were placed the 50 workers, and 
lastly the feeder containing the food, poisoned or otherwise. In a 
similar manner definite quantities of other arsenicals were thor- 
oughly mixed with definite quantities of honey. After the bees 
had eaten all the poisoned food, great care was taken to see that they 
had plenty of nonpoisoned food. Bees soon die in such cages when 
deprived of food. The dead bees were counted and removed daily, 
and samples, each of 25 bees, were prepared for analysis. The 
results obtained are only comparative and are based on the average 
time required to kill all the bees tested, rather than on the absolute 
single lethal doses required to kill them. It was assumed that the 
bees ate equal quantities of the poisons, although this may never 
have been true; but even if bees do not eat equal quantities of the 
food given to them they have the habit of feeding one another, and 
consequently may on this account digest approximately equal quan- 
tities of food. In order to reduce the probable errors to a minimum, 
a large number of bees were used for each individual experiment. 


EXPERIMENTS AND RESULTS 


After the manner described in the preceding paragraph, 1 milli- 
gram of Paris green was fed to 500 bees; assuming that they shared 
it equally, each bee ate 0.0008 milligram of arsenic. These bees lived 
1.5 days, on an average, with a minimum of 0.7 and a maximum of 
2.7. Three samples of the dead bees yielded on analysis an average 
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of 0.0006 milligram of arsenic per bee. A second lot of 500 bees was 
fed 0.5 milligram of Paris green in the poisoned candy, or 0.0004 
milligram of arsenic per bee, and lived an average of 3.3 days, with 
a minimum of 0.6 and a maximum of 7 days. A third lot of 500 bees 
was fed 0.25 milligram of Paris green, or 0.0002 milligram of arsenic 
per bee, and lived an average of 8.3 days, with a minimum of 0.6 and 
a maximum of 18 days. On analysis, 8 samples of these bees were 
found to contain an average of slightly more than 0.0002 milligram 
of arsenic per bee. A fourth lot of 500 bees was in the same manner 
fed 0.15 milligram of Paris green, or a little more than 0.0001 milli- 
gram per bee, and lived from 1 to 13 days, with an average of 7. 
‘Two samples of these bees were found on analysis to contain an aver- 
age of 0.0002 milligrams of arsenic per bee. As a control, 1,000 bees 
were fed nonpoisonous candy in confinement, and lived from 1.6 to 
17.6 days, with an average of 9.8. Two samples of these were an- 
alyzed and found to contain 0.0001 milligram of metallic arsenic per 
bee. These experiments, with others of the same kind yet to be men- 
tioned, are summarized in Table 7, with the results of analyses of 
dead bees and other data. 

During this investigation many samples of bees, supposedly not 
poisoned, were analyzed. Some were found to contain as much as 
0.0001 milligram of arsenic per bee, others a trace, and still others 
none at all. Since all animal tissue is said to carry at least a trace 
of arsenic, 0.0001 milligram each of metallic arsenic may here be con- 
sidered the maximum quantity carried by control bees. 


TABLE 7.—Sunvmary of results obtained by feeding arsenicals to bees in observa- 
tion cages, 1914 and 1920 


Average quantity 
Average | Ofarsenic (As)— 
5 Number ite gt Number 
Substances fed bees in each experiment © pipers aioe ome Found wu pee 
ingthe | Fedto | per bee we 
arsenical | each bee by 
analysis 
Days | Milligram) Milligram 
Nonpoisoned candy (control)_----------------------- 1, 000 9.8 Trace. 0. 0001 50 
PATS SECT CA Gye ees eo ee te ne 500 15 0. 0008 . 0006 75 
OMe 2 son Shek FS See Es ee Se ee eee 500 3.3 . 0004 . 0004 50 
1D Yo yee eee ene) a Sires eae eae, 500 8.3 . 0002 . 0002 75 
IYO RAE ET ae ees ee ee ee ee 500 7.0 . 0001 . 0002 50 
Acid lead arsenate in honey__.-_--___-_-_-___--____-- 500 6.0 . 0010 . 0009 125 
OM, 2 NES ees, ae eg et: os eee 500 5.4 . 0007 . 0004 100 
IDOLE: DS Staeh: eee SI PPE Ea eee: ete Lee 500 5. 0 . 0005 . 0004 100 
TD Xo pape Me Se ye ale ee ays ee eee eet 500 5.0 . 0003 . 0004 50 
AT Seni Cacidamih one yesere eee = ees eee | eee ee 100 5. 46 2(00049) | 2: 2.) eae ee eae 
Acid lead arsenate in honey____-___--_-__------_--___-- 100 i 7Al 
Sodium arsenate in honey_-_--------------_----_-_-- 100 5. 59 
Paris green imihoneyss2o2— sass ee ne es eee 100 5. 59 
iD Yoyo cent Seas (ee ek oats le eh een PSL 100 5. 76 
ID) OS AeA ee 100 5.77 
Zine arsenite in honey _--_-- 100 6. 23 
Calcium arsenate in honey 100 6. 91 
Poisoned pollen_____--_-_-__- ooh 500 6.9 - 0003 
Nonpoisoned pollen (control)--------------__--__---- | 1, 000 10.4 Trace. Trace. 


A fifth set of 500 bees was fed 5 milligrams of paste lead arsenate 
in honey, and lived from 0.3 to 21.3 days, with 6 days as an average. 
Providing they ate equal quantities of the poison, each one took 
0.0010 milligram of metallic arsenic. When analyzed, 5 samples 
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of them were found to contain an average per bee of 0.0009 milligram 
of metallic arsenic (Table 7). A sixth set of 500 bees was fed 3.5 
milligrams of lead arsenate, or 0.0007 milligram each of arsenic, and 
lived from 2 to 10.7 days, with an average of 5.4. When analyzed, 
4 samples of them contained only 0.0004 milligram of arsenic as an 
average per bee. A seventh set of 500 bees was fed 2.5 milligrams 
of lead arsenate, or 0.0005 milligram of arsenic each. They lived 
from 0.8 to 12 days, with 5 days as an average; when analyzed, 4 
samples of them contained an average of about 0.0004 milligram of 
arsenic per bee. An eighth set of 500 bees was fed 1.5 milligrams 
of lead arsenate; if they ate equal quantities of the poison, each one 
took 0.0003 milligram of arsenic. When analyzed, each of 2 samples 
of these dead bees contained 0.0004 milligram of arsenic per bee. 

For several days after the trees in the orchard at Winthrop, Me., 
had been sprayed in May and early June, 1914, poisoned pollen was 
stored in the hives. One of the bureau hives returned to Washington 
in June became depopulated August 1. To ascertain if the combs 
in this hive still contained poisoned pollen, 10 grams of the pollen 
were removed and were thoroughly mixed with 40 grams of honey. 
This mixture was then fed to 500 bees, as usual. They lived from 
0.6 to 14.6 days, with 6.9 days as an average, whereas 1,000 control 
bees fed nonpoisoned pollen lived an average of 10.4 days (Table 7). 
When analyzed, 2 samples of pollen from the same combs were found 
to contain 2.57 parts and 1.19 parts of arsenic per million, the average 
being only one-fifty-first as much arsenic as was found in fresh pol- 
Jen stored in the combs only a short time after it was collected from 
the sprayed trees. If the 500 bees ate equal quantities of the arsenic 
fed to them, each one took 0.00004 milligram of it, and this small 
quantity would not have noticeably affected them. When analyzed, 
1 sample of the dead bees was found to contain 0.0001 milligram of 
arsenic per bee, each of 2 samples 0.0002 and 1 sample 0.0006 milli- 
gram, making an average of 0.0003 milligram of arsenic per bee 
(Table 7). It is thus seen that the smail amount of arsenic still 
contained in this pollen was not equally eaten by the bees, and there- 
fore the combs containing it should not be used again. 

In June, 1920, eight arsenical spray mixtures were.so prepared 
that they contained equal contents of arsenic acid or arsenious acid. 
A small portion of each of these was diluted 20 times, and 1 cubic 
centimeter of this dilution was thoroughly mixed with 4 cubic centi- 
meters of honey in one of the small feeders. Providing the poisons 
were homogeneously mixed, each feeder contained 0.038 milligram of 
arsenic acid or arsenious acid; and, if the 50 bees in each feeder ate 
an equal share, each bee took nearly 0.0005 milligram of metallic 
arsenic when the arsenic acid or the arsenates were eaten, or 0.00057 
milligram when the 3 mixtures of Paris green and the zinc arsenite 
were eaten. This series of tests was made a second time. Of these 
8 arsenicals, the arsenic acid was most toxic (Table 7), but the 
sodium arsenate and 1 preparation of Paris green were close seconds, 
and the powdered acid lead arsenate third; the average life of bees 
after eating the 3 mixtures of Paris green is exactly the same as that 
of those eating the lead arsenate. The zine arsenite and calcium arse- 
nate seemed considerably less toxic, probably because the bees did not 
eat the mixtures containing them as readily as they did the others. 
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According to these figures, it appears that 0.0005 milligram of 
metallic arsenic is a conservative quantity to represent the minimum 
lethal dose per bee. Some of these results have already been. pub- 
lished (4, pp. 28, 48). 

In these experiments the behavior of the poisoned bees was care- 
fully observed to determine whether it was similar to that of bees 
poisoned by arsenic in the fields. On the second day after having 
been poisoned many of these bees became more or less inactive and a 
few died; after that most of them were seldom seen eating; by the 
third day they were dying rapidly, their abdomens were much 
swollen, they could not fiy, but could yet walk in a staggering man- 
ner, dragging their abdomens on the table. The visible effects of 
arsenic poisoning on them were similar to those of nicotine poisoning 
on bees already described by McIndoo (9, pp. 91-92), except that — 
nicotine acts the more quickly, and its symptoms are the more pro- 
nounced, also that in cases of arsenic poisoning the abdomens are . 
always more or less swollen, while this effect is rarely observed in 
cases of nicotine poisoning. Judging from the symptoms observed, 
bees fed arsenic seem to die of motor paralysis, although the paraly- 
sis may be only a secondary cause. 


DISCUSSION OF LITERATURE 


Only one of the many reports of the experiences of beekeepers will 
be cited here. This one, presented by Felt (6), states that several 
men sprayed their fruit trees with arsenicals while in full bloom, 
May 18 and 19, 1900. The first dead bees were observed on May 20. 
One beekeeper says: 

In front of each hive lay the full working force of the bees, some in clusters 
apparently dormant and others wriggling about as if in great agony. With 
the appearance of the sun there was a general movement among the bees in 
an effort to get as far away from the hive as possible. Those that had the 
strength would try to fly, but could only succeed in making 3 or 4 feet before 
they would drop to the ground. 

The next day, May 21, a few hives were opened. Practically all 
of the field bees were gone, but a large quantity of brood and a few 
young bees were left. This beekeeper claims to have lost his entire 
apiary of 100 colonies, valued at $500. 

According to the same report, another beekeeper claims to have 
lost between 80 and 95 per cent of the workers in his apiary of 95 
colonies. Orchards were sprayed while in full bloom, 114 miles north 
and the same distance northwest of a third beekeeper’s apiary of 
200 colonies, May 21 and 22. May 23, handfuls of dead and dying 
bees lay near the hives. 

The foliowing scientists have carried on experiments to determine 
the effects of arsenic on bees. 

Brose (7) mixed London purple and Paris green in sirups in the 
same proportions in which these two insecticides are mixed with 
water for spray materials. When these poisoned sirups were fed 
to bees, they were not eagerly eaten. Some of the bees tested died 30 
minutes after taking the poison, while others hved 4 hours. The 
chemical analyses of the sirups stored in the combs did not show 
arsenic, but traces of it were found in the bees killed by eating the 
sirups. 
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Cook (2, p. 261) claimed that bees are very susceptible to arsenicals 
sprayed on trees, but he did not ascertain this experimentally. The 
same author (3) experimented later with honeybees and several other 
insects. He confined them in cages and fed them mixtures composed 
of 1 pound or less of London purple to 200 gallons of water or sirup. 
Mixtures of 1 pound to 200 gallons were quickly fatal to honeybees. 

Webster (73) sprayed a plum tree in full blocm with a mixture of 
Paris green and water; he then covered the tree with sheeting and 
mosquito netting and the ground with a canvas; a few hours later a 
hive of bees was placed inside the inclosure. The bees, instead of 
working normally, fiew wildly about inside the inclosure, probably 
striking the foliage, flowers, sheeting, and netting; dead bees soon 
began to accumulate on the canvas. When a few of them were 
analyzed, arsenic was found; but its presence means nothing under 
the circumstances. The same author (7/4) performed experiments | 
on a larger scale by spraying two apple trees in full bloom and a 
small orchard in which nearly all the petals had fallen. Several 
bees caught visiting the trees sprayed in full bloom were killed in a 
cyanide bottle, and parts of them were analyzed for arsenic; none 
was found in the hind legs with pollen and contents of the thoraces, 
but analyses of the contents of the abdomens, including the honey 
stomachs, revealed arsenic. Other bees, taken from the same trees, 
were lilled, washed in dilute ammonia water, and analyzed, giving 
distinct traces of the poison. A few days after spraying the small 
orchard one of three colonies of bees near by suddenly became ex- 
tinct and a second one greatly reduced in number of bees. From the 
totally depopulated colony Webster took dead bees, uncapped honey, 
and dead larve. When analyzed, the honey gave no evidence of 
arsenic, but the dead larve and the contents of the dead bees were 
found to contain it. 

Woodworth (15, pp. 111, 112), reporting the work done by Volck 
at Watsonville, in the Pajaro Valley, Calif., states that a hive of bees 
was placed in the center of a 40-acre apple orchard, and then the 
trees were sprayed when just coming into full bloom. Analyses 
showed no arsenic in the new honey, but some in the pollen and dead 
bees, that in the latter approaching a toxic dose. 

Holland (&) examined periodically in the laboratory many sam- 
ples of dead bees and;comb. A large percentage of the bees under 
observation died within two or three days. No cause for their 
deaths was known, except perhaps the spraying in the neighbor- 
hood. A small quantity of arsenic was found in 12 of 23 samples 
submitted for analysis. The detection of arsenic in the stored pollen 
was of special interest. Holland, using the approximate toxic 
dose for the horse, ox, sheep, and fowl as a basis, would call the 
toxic dose of arsenic for a honeybee about 0.005 milligram of 
arsenious oxide (As,O,) or 0.006 milligram of arsenic oxide 
(As,0,), which is 10 or 12 times the actual lethal dose arrived at as 
shown in the preceding pages. 

Price (72) carried on experiments for two years in the field and 
laboratory. In the first year two apple trees were caged with 
cheesecloth. One was sprayed with lime-sulphur and the other 
dusted with flowers of sulfur and arsenate of lead, and a colony of 
bees was put within each inclosure and liberated. In the second 


28 BULLETIN 1364, U. S. DEPARTMENT OF AGRICULTURE 


year (1919) three trees were caged with wire screen, of which one 
was sprayed and one dusted, as in the first year, the third used as a 
control, and a normal colony of bees, with ample stores, placed in 
each of the three inclosures. Dead bees, collected from the cages, 
were counted and analyzed for arsenic in the laboratory. Three 
trees in full bloom in the open were also sprayed, while more than 
200 were left unsprayed; live bees were counted on the sprayed 
blossoms and dead bees analyzed. In spite of the criticism that 
might be made in regard to the methods employed of confining bees 
with trees in large cages and of confining them singly in glass 
funnels when testing for fatal doses of arsenic, Price’s conclusions 
are not far different from those reached in the present investigation. 
Less than 0.0005 milligram of arsenious oxide (As,O,) was found a 
fatal dose for a bee. The longevity of bees poisoned with arsenic 
was found to depend upon the size of the dose; some died within 
11% hours, others lived 5 or 6 hours, and most of those poisoned in 
the field died within 3 hours. Bees worked freely on sprayed trees 
in the open, even when there were unsprayed ones near by. The 
mortality of the bees in the control cage was 19 per cent, as com- 
pared with 69 per cent in the cages containing the trees sprayed with 
lime-sulphur and lead arsenate, and 48 per cent in the cage contain- 
ing the tree dusted with sulphur and lead arsenate. 

Doane (4) sprayed an apple tree, almost in full bloom, and then 
covered it with a cage. Two days later he placed a colony of bees 
inside this cage, and the following morning, while the bees were 
confined in their hive, the tree was again sprayed. He claims that 
these bees worked in an apparently normal way and were not injured 
by the arsenical spray material. ‘This experiment was repeated, 
using another tree and another hive of bees, and similar results were 
obtained. His chemist reported for the small number of bees col- 
lected and analyzed that the dead bees collected in the cage at the 
end of the first experiment contained 0.0025 milligram, those col- 
lected alive during the first experiment 0.002 milligram, and those 
found dead during the second experiment 0.0006 milligram, respec- 
tively, of arsenic per bee. According to the results obtained by the 
present writers, less than these amounts of arsenic would, if eaten, 
have killed the bees. The next spring Doane repeated his experiments 
on a slightly larger scale, and finally concluded that spraying in full 
bloom under California conditions is not injurious to honeybees. 

Merrill (77), while not repeating Doane’s experiments, severely 
criticizes his methods, and compares his results with those obtained 
by Price, concluding that the latter were more likely to be correct. 


SUMMARY 


In the preliminary experiments conducted at Winchester, Va., 
1914, three small, more or less isolated orchards were selected, and 
three strong colonies of bees were installed in each orchard. Twenty- 
five trees were sprayed in each orchard, the first 25 with a mixture of 
Paris green, the second 25 with a mixture of paste lead arsenate, and 
the third 25 with a mixture of paste lead arsenate and lime-sulphur. 
The following results were obtained: (1) Bees work equally as well 
on trees sprayed in full bloom as on unsprayed ones; (2) they do not 
fly away from the sprayed orchard very much if the orchard is well 
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isolated; (8) they are slightly affected when a small orchard is 
sprayed 1 in full bloom, a conclusion supported by observations and by 
the analyses of the samples of bees collected; and (4) of the three 
mixtures named, the arsenate-lime-sulphur mixture was found the 
most satisfactory for experimental purposes. 

In the more extended experiments conducted at Winthrop, Me., 
1914, a large isolated commercial orchard, consisting of 700 apple 
trees and almost ideally located, was selected, and 10 colonies of bees 
were installed in it on May 29 and 30. On May 25 and 26 all of these 
trees, nearly in full bloom, were sprayed with a mixture of paste 
lead arsenate and lime-sulphur; on May 28 and 29, 310 of them, now 
in full bloom, were again sprayed with the same mixture; and on 
June 3, 5, and 6 the entire orchard was again sprayed. 

The unusual mortality of the bees at Winthrop was first noticeable 
the second day after they had had access to the sprayed flowers, and 
on the third day after they had been poisoned the damage was un- 
mistakable. This heavy mortality continued as long as the sprayed 
flowers lasted, and in some of the colonies until all the bees had died. 
The symptoms of arsenic poisoning were very pronounced. In the 
early stage the adult bees became sluggish and soon neglected 
their duties, so that the brood apparently died of starvation; later 
their abdomens became greatly swollen, being filled with a yellow- 
ish watery liquid; still later the legs and wings became paralyzed ; 
and finally the bees died in a state of coma. Not one of the 10 
colonies used was killed outright, but in a comparatively short time 
5 of them were entirely depopulated, while the other 5 were rendered 
more or less weak. It was thus ascertained that spraying fruit trees 
in full bloom under certain conditions is very injurious to bees. 

The results obtained from the chemical analyses of the samples 
collected at Winchester and Winthrop agree with the field observa- 
tions. Arsenic was found on all parts of the sprayed flowers, par- 
ticularly on the pollen, and in most of the samples of the adult bees 
analyzed, but none was found in the samples of dead pupe and 
larve. Of 12 samples of partially ripened honey analyzed only 1 
contained arsenic, and that merely a trace. Dr. EK. E. Tyzzer, of the 
Harvard Medical School, reports by correspondence that during the 
spring of 1920 and that of 1921 he experimented along similar lines. 
He says: 

I have had analyzed two samples of unripe honey, gathered during the spray- 
ing of fruit trees in full bloom, and found that both showed a very slight 
trace of arsenic. A sample of “honeydew ” saved from a previous year showed 
0.00045 per cent of arsenic, and another of ripe honey of good quality showed 
no trace of arsenic. 

It thus seems that the bees obtained most of the arsenic from the 

pollen, although most of the nectaries analyzed contained arsenic. 
We should expect the honey to be poisoned, but so far only traces of 
arsenic have been found in it (see Table 1 for details). 

The preceding results were obtained by daily observations, the 
use of several dead-bee traps, and analyses of the samples collected. 
One of these traps was installed in front of each hive selected for 
this purpose; it caught most of the bees that died in the hive, but 
their number was only about 2.5 per cent of the total mortality, the 
other 97,5 per cent dying in the field. When the mortality was heavy 
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these traps were fairly satisfactory, for it is believed that the num- 
ber of dead bees caught by them, before and after the spraying, 
represented a true mortality index of the bees tested. Because of the 
difficulties encountered in this kind of investigation, particularly 
when bees are poisoned but little or not at all, a more reliable method 
was introduced, in which all the interfering ‘factors were either con- 
trolled or eliminated. Briefly stated, this method consisted of the 
following points: (1) The maturing ‘brood was removed from six 
strong colonies, and by closely following a special procedure while 
weighing the hiy es with their contents on the platform scales the 
daily logs or gain in ounces of the adult bees were obtained inde- 
pendently of the weight of the stores, which were an interfering and 
variable factor; (2) an undisturbed colony was kept on these scales 
and was w eighed hourly each day; (8) all the adult bees and the 
maturing brood in two other colonies were weighed three times on 
these scales, the weight of the stores being eliminated by following 
the special pr ocedure just mentioned; (4) 10 outgoing and 10 return- 
ing field bees caught at the hive entrances were weighed on the 
chemical balances daily, every hour the bees were working; and (5) 
daily weather observations were made and recorded. In i915 the 
writers worked separately, but thereafter together, using both 
methods. 

Because of unfavorable weather no definite and conclusive results 
were obtained at Roswell, N. Mex., Benton Harbor, Mich., and Win- 
chester, Va., in 1915. Most of the samples of dead bees collected 
at Roswell contained arsenic in very small quantities, but no symp- 
toms of arsenic poisoning were noticed, except in two hives, which 
contained poisoned pollen collected from cover crops the preceding 
year. The trees at Benton Harbor bloomed irregularly, so that their 
blossoms were sprayed in all stages, thus causing a leht mortality 
among the bees, and most of the samples of dead bees contained small 
quantities of arsenic. There did not seem to be any unusual mor- 
tality among the bees at Winchester, and not one of the 21 samples 
collected contained arsenic. (See Tables 2 and 6 for weight records 
at Winchester.) 

The experiments at Winchester, Va., in 1916, were conducted in 
three apiaries, surrounded by large commercial orchards. The first 
apiary consisted of 70 colonies, the second of 40, and the third of 
5. For the weighing experiments the first and third apiaries were 
used. From the time the trees were almost in full bloom until 
all the petals had dropped, the weather was almost ideal, and the 
bees worked normally. When the trees were sprayed nearly all 
the petals had fallen, and by this time the bees had almost ceased 
visiting the trees. The results from the various sources did not 
indicate that the bees tested had been poisoned, although 17 of the 
28 samples collected contained very smali quantities of arsenic, too 
ieee have been fatal to bees. (See Tables 3 and 6 for weight 
records 

The experiments at Fennville, Mich., in 1916, were also conducted 
in three apiaries, surrounded by commercial orchards. The first 
apiary consisted of 12 colonies, the second of 14, and the third of 
30. For the weighing experiments 6 colonies in the first apiary 
were used, During the entire period of the experiments the weather 
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was almost ideal, the blossoms secreted more abundantly than they 
did at Winchester, and the bees worked well in the trees. When 
the trees were sprayed the bees had almost ceased visiting them 
and practically all the petals had fallen. The results taken together 
indicated that the bees tested had not been poisoned, although again 
17 of the 28 samples collected contained small quantities of arsenic, 
too little to have been fatal to bees. (See Tables 4 and 6 for weight 
records. ) 

In regard to the spraying of fruit trees at the customary time, 
when 90 per cent or more of the petals had fallen, at Winchester, 
Va., and Fennville, Mich., in 1916, under the most certain con- 
ditions, which are usually rare, it appears for the following reasons 
that the bees tested were not injured: (1) The old adult bees died 
more rapidly before than after spraying was begun, as was shown 
both by the daily weight records and by the number of dead bees 
counted in the bee traps. (2) The gain in weight, after the spray- 
ing was begun, of all the old and young adult bees in two colonies 
tested was equal to the gain before the spraying was begun. (3) 
The results obtained from the chemical analyses of the samples of 
dead bees, collected after the spraying was begun, did not indicate 
that the bees had died of arsenic poisoning. And (4) no symptoms 
of arsenic poisoning were noticed among the bees under observation. 

The experiments at Winchester and Fennville were repeated on 
a small scale in 1917 at Drummond, Md., where the bee culture 
laboratory of this bureau was then located. Eleven apple trees were 
sprayed when about 90 per cent of the petals had fallen and when 
bees were to some extent still visiting these blossoms. Of the 40 
samples of dead bees collected and analyzed only 3 showed the 
presence of arsenic, and these samples came from colonies which 
apparently had been suffering for some time from bee paralysis. 
No arsenic was found in samples of pollen taken from these hives. 
The other results obtained agree with those obtained at Winchester 
and Fennville in 1916. (See Tables 5 and 6 for weight records at 
Drummond.) 

Some of the samples of dead bees collected when the trees were 
sprayed in full bloom contained on an average as much as (0.0004 
milligram of arsenic (As) per bee. Of course, some of the indi- 
vidual bees contained less and some more than this quantity, yet it 
was not definitely known whether that quantity had actually killed 
them. <A series of laboratory experiments in which definite quan- 
tities of several arsenicals were fed to bees decided this question in 
the affirmative, established the minimum fatal dosage of arsenic 
(As) per bee to be about 0.0004 or 0.0005 milligram, and showed 
that the symptoms of arsenic poisoning of bees in confinement were 
oe those of the bees poisoned in the orchards. (See Table 7 for de- 
tails. ) 


(1) 
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The cattle grubs (Hypoderma lineatum De Villers and H. bovis 
De Geer *) are among the most widespread and injurious insects with. 
which our livestock are beset. Nearly every owner of cattle is 
familiar with these larvee, which are found under the skin on the 
backs of cattle in the early spring. Few, however, connect them 
with the adult insects which are known as heel flies or warble flies. 
Still fewer people have ever seen a heel fly, and many stockmen say, 
“T have heard all of my life of the heel fly and have seen the cattle 
run from it but I have never seen one.” This has led many to regard 
the fly with something akin to superstition or to consider its exist- 
ence a myth. 

Among scientific workers there is also a very meager knowledge 
of the true life history or importance of these insects. Although a 
considerable number of veterinarians, zoologists, and entomologists 
have made observations and published articles, much of this work 
has been of a fragmentary character and most of the important. bio- 
logical facts have been established during the last decade. It is the 
writers’ desire to set forth briefly the knowledge gleaned to date, and 
especially to present facts yet unpublished regarding the life his- 
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tories, habits, injuriousness, and means of repression of these two 
species, as obtained during this investigation.® 


HISTORY 


The heel flies or warble flies, or at least the effects of their attacks, 
have been known to man from time immemorial. The writings of 
Virgil and Shakespeare contain statements which undoubtedly refer 
to these pests. Their peculiar and injurious habits have attracted 
the Siicacion of many naturalists, zoologists, and veterinarians, and 
the results of the observations and deductions beginning with the 
articles on this subject published in 1710 and 1713 by the Italian 
naturalist Vallisnieri (102, 103)* make very interesting reading. 
Linné (67), in 1739, published information on the related reindeer 
bot (Oedemagena tarandi Li.) and expressed his opinion that the 
eggs were attached to the skin or hairs and were not pushed through 
the skin as was believed by all previous writers, and as some sub- 
sequent writers have believed. 

In 1797 Clark (20) published a notable account for that day of 
the Oestride, including observations on the habits of the cattle 
grnbs.  ITis modified and amplified views were published in 1827 
(27) and 1843 (22). 

In 1863 the Austrian entomologist Brauer (8) published his 
monograph of the Oestride, which added much to the knowledge 
of the species. He describes the last two stages of the larve, and 
in a subsequent article (9) he indicates a simple method of dif- 
ferentiating the last larval stages of 7. lineatum and H. bovis. 

Most writers up to the time of Clark’s observations, and in fact 
many subsequent writers, were of the opinion that the flies place 
their eggs under the skin ‘of the host. This idea probably originated 
from the fact that the cattle are driven to a frenzy by the oviposit- 
ing flies, the conclusion being that the flies must sting when lay- 
ing the evgs—this, despite Linnaeus’s statement in 1739 regarding 
the placement of the reindeer bot eggs on the hairs. 

Up to the publication in 1888. by Hinrichsen (47) on the find- 
ing of Hypoderma larve in the spinal canal, only the subdermal 
or last larval stages were known. Hinrichsen reported the com- 
mon occurrence of these (now known to be third-stage) larvee in 
the spinal canal of cattle in December, January, March, May, and 
June. He also concluded, apparently without having seen the egg 
or the fly ovipositing, that the hosts take up the eggs with grass 
and that the young larve reach the spinal cavity from the diges- 


8 The present studies have been carried on incidental to other projects for a number of 
years and during the last seven years have received major consideration. During the 
prosecution of the work the writers have been materially assisted by many individuais 
and organizations, to whom thanks are extended. The Bureau of Animal Industry, 
through its various agents, has aided by sending immature stages. Dairymen, especially 
in the vicinity of Dallas, Tex., and Herkimer and Middletown, N. Y., have assisted 
materially by permitting the use of their cattle in the writers’ experiments. Many 
specimens and much information have been obtained from correspondents, including 
dairymen, cattle raisers, hide dealers, butchers, packers, and others interested in the 
problem. The management of the leading packing plants in Dallas and Fort Worth, 
Tex., have been especially courteous in furnishing material for examination and in per- 
mitting examination of cattle during slaughter. Of necessity, a. number of entomologists 
have been more or less associated with the writers in the carrying out of the obserya- 
tions and experiments. The following men have contributed materially to the results 
as herein given: D. C. Parman, O. G. Babcock, Oscar Pool, EH. EH. Wehr, H. P. Wood, 
and W. EB. Dove. ; 

4 Numbers in italics refer to ‘‘ Literature cited,” p. 114. 
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tive tract, thence migrating up to the subcutaneous tissues of the 
back. In 1889 one of these early-stage larvee found in the brain of 
a horse by Poulson was described by Boas (5) as a first-stage Hy- 
poderma larva. From this time on the veterinarians, especially 
of Denmark and Germany, made important contributions regard- 
ing the young stages within the bodies of cattle. 

During the decade beginning in 1884, the English entomologist 
Ormerod made a number of contributions to the literature of this 
subject culminating in reports published in 1894 (7Z) and 1900 (72). 
In these articles much valuable information is presented, especially 
as regards losses. This writer entertained the old idea that the 
larve penetrate through the skin of the backs of the cattle. 

In America, interest in this pest began to be evident during the 
eighties; and articles were contributed by Riley (52, 83) in 1889. 
In 1890 Cooper Curtice published a note (24) reporting the finding 
of larvz 10 to 15 millimeters long in the walls of the esophagus, in 
the pleura near the eleventh rib, in the subcutaneous tissues of the 
back, and in subcutaneous tumors which opened through the external 
skin. He states that the finding of larve in the early stages in these 
situations suggests that— 

It is possible that the eggs or young larve are licked by the cattle from the 
back; that the larve made their way into the esophageal walls and from 
thence, during the proper season, through the back in the neighborhood of the 
eleventh rib, to the skin. 

Curtice gives in 1891 (25) a full account of his work along this 
line. This hypothesis was based upon the finding of these immature 
stages in the submucous membranes of the gullet and in other tissues 
of the body, often months before the larve appeared on the back and 
eut holes through the skin. He also observed that the larve and 
inflammation disappeared from the gullet by the end of January or 
early in February. Apparently no observations were made on the 
‘actual habit of oviposition of the flies. In 1892 Riley (84) published 
a very good résumé of the knowledge of the life history and habits 
of H. lineatum up to that date. He concluded from an examination 
of material from various sources that H. lineatwm was the predomi- 
nant if not the only species found in the United States. In this 
article he also incorporated an account, based on observations of 
G. Schaupp and others, regarding the actual method of oviposition 
of this species, and the true first stage was described for the first 
time. e accepts Curtice’s theory of the entrance via the mouth, 
and concludes that an additional link in the chain of circumstantial 
evidence pointing toward this method of ingress is supplied by the 
fact that the eggs are laid largely on the legs and that the cattle lick 
themselves in that region. In 1897 Marlatt (64) presented a concise 
summary of the information available at that time. 

Horne, working largely on the immature stages within the bodies 
of cattle, published in Norway in 1894 (44) observations showing 
that the larve are truly migratory. He observed them in various 
situations, including the spinal column from one end to the other, 
sometimes under the pleura, in the abdominal cavity, and on the 
surface of the kidney. The following year the veterinarian Ruser 
(86) published his observations on the occurrence of the larvee in 
the spinal canal and reported that he had found traces of larval 
tracks in the muscles of the back. In 1898 Koorevaar (54), working 


4 BULLETIN 1369, U. S. DEPARTMENT OF AGRICULTURE 


-in Holland, gave definite proof that the small larve found in the 
spinal column of cattle were really Hypoderma. Some of these were 
introduced under the skin of a goat, and 12 days afterwards swellings 
appeared, from which later 7. bovis was reared. In the same article. 
he also described experiments in which 26 larve from the spinal 
canal of cattle were introduced under the skin of a dog. When the 
animal was examined two weeks later some of the larve were found 
in various parts of the animal, including the gullet and spinal canal. 
Similar larvee fed to dogs and introduced into the gullet of a rabbit 
through a tube were not recovered. From these tests Koorevaar 
concludes that in bovines the larve reach the gullet or spinal canal 
after extensive wanderings from the place where they bored through 
the skin, and that they do not reach the gullet by way of the mouth. 
Further studies on the migration and seasonal occurrence of the larve 
within the host were published the same year by Koorevaar (55). 

Following the publication by Curtice and the subsequent one by 
Riley, practically all scientists accepted Curtice’s theory. In 1903 
Koch (53) published a very valuable contribution as the result of 
several years’ study of the larvee of Hypoderma within the bodies. 
of cattle. He shows that the young larve are widely distributed 
within the body cavity and in the intermuscular tissues of the back, 
and that larvee as small as 2.2 millimeters in length may be found 
in the submucous tissues of the gullet. He concludes from the 
data presented that— 

It will presumably be apparent that the entrance of Hypoderma larve to 
the bodies of the cattle takes place through the alimentary system and not 
through the skin, and further that the larve migrate through the cesophugus 
and vertebral canal to the skin. 

In 1907 Jost (52) reviewed the life history of 1. bovis. He con- 
cluded that the eggs hatch in the gullet and that the larve bore 
through the mucous lining of it. He also makes the erroneous 
statement that the life cycle requires about nine months. Sorensen 
(93) in 1908 discussed the literature and concluded that the larvee 
enter by mouth. 

During the period 1908 to 1922, Carpenter and _ his associates in 
Ireland published a series of papers (/2 to 19) dealing especially 
with experiments with the muzzling of calves in an effort to prevent 
their infestation. The earlier results were conflicting and the 
authors changed their viewpoint from year to year. In 1914, how- 
ever, Carpenter, Hewitt, and Reddin (77) published the results of 
their observations on the penetration through the skin of larve of 
both H. lineatum and H. bovis. They first noticed soreness and 
scabs in the regions near where eggs of Hypoderma were attached. 
Beneath these they found holes indicating penetration and from 
one of these was squeezed, along with serum, a first-stage larva of 
H. lineatum which had evidently penetrated through the skin at 
the spot. They followed this with tests of newly hatched larve ef 
H. bovis placed on clipped hair on a calf and found that they quick- 
ly passed down the hair and began to burrow into the skin immedi- 
ately. They conclude: 

We believe therefore that no further doubt is possible as to the entrance of 
young Hypoderma larve into its host through the skin close to wherever the 


eggs may have been laid, and the results of the muzzling experiments show 
that entrance by the mouth is unlikely. 
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They have also expressed the opinion that it is not improbable 
that the larvee may go from the legs to the gullet and thus to the 
back. Hadwen, working in British Columbia, has also made some 
valuable contributions to our knowledge of Hypoderma. In a paper 
published in 1912 (32), he presents data on the injuriousness of the 
cattle grubs in Canada and adds some valuable information on the 
method of egg laying of H. bovis. . 

The seriousness of injury by cattle grubs in Germany led to the 
appointment of a commission to study all phases of this subject. 
Several years were spent in this investigational work and the results 
were published in parts in the years 1912 to 1919 (67). A large 
amount of information was obtained on the losses due to the pests, 
relative numbers of the two species, life histories and habits, and 
control work. 

C. Stub (95-99) carried on observations on cattle grubs in Den- 
mark and published his records in 1912, 1918, 1915, and 1919. He 
added to the information on the life history and habits of the 
insect and reported that, in collaboration with Prof. Phil Boas, he 
found beneath a number of eggs a burrow through the skin which 
they interpreted as the entrance hole of a newly hatched larva. 
Stub also found larve from 2 to 7 millimeters long in the subdermal 
connective tissue of calves. In early records, he concluded that the 
larve burrow directly through the skin, but was under the erroneous 
impression that the eggs are laid on the back. In 1919 (99) he 
definitely traced the course of young larve from the inside of the 
right tibia to the esophagus. 

Hadwen published further observations on the life history and . 
seasonal development of both species in 1915 (33). In this paper he 
showed that larve removed from the gullet and placed under the 
skin on the leg of calves would work upward rapidly through the 
connective tissues and ultimately reach the back. In 1916, Hadwen 
and Bruce (38) attempted to trace the larve as they left the gullet 
and suggested that they pass up the crura of the diaphragm or along 
the posterior borders of the ribs to the neural canal and out through 
tl.e posterior foramen to the subcutaneous tissues of the back. In 
another paper (34), in 1916, Hadwen added further data on the 
seasonal development of the larvee and demonstrated the ability of 
the newly hatched larvee to penetrate bovine skin. He also described 
lesions on cattle chargeable to the penetration of Hypoderma larve. 
Later a concise account of the cattle grub problem was issued by 
Hadwen (36). 

In 1920 Carpenter and Hewitt (78) described in detail a successful 
experiment with warble eradication on Clare Island, Ireland; and in 
1922 in the sixth report (/9) on the problem, Carpenter, Phibbs, and 
Slattery presented further in formation on the life and seasonal his- 
tory of both species of Hypoderma and further experimental evi- 
dence that larve enter the host through the skin only and not by 
way of the mouth. This report also summarizes tests with various 
dressings applied to the backs of cattle to kill the grubs, especially 
tobacco-powder wash. ‘The biologies of Hypoderma and other 
aspects of the grub problem were summarized by ‘Seymour-Jones 
(91) and Warburton (//0) in 1922, 
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There are two distinct species of cattle grubs and these of course 
present differences in appearance and habits in each of their stages. 
In a general way, however, the life histories of the two are similar, 
and the following summary of that of Hypoderma lineatum will 
serve as an illustration. Beginning with the large grubs which are 
well known to practically everyone who handles livestock, the life 
may be traced as follows: 

As the grubs reach maturity in the subdermal tissues of the back 
during the late fall, winter, spring, or early summer, the holes 
through the skin gradually become larger and finally the grubs 
crawl out and drop to the ground. They seek protection under any 
loose material at hand and the outside skin shrinks, becoming hard, 
and within this the flies develop, emerging from 30 to 60 days later. 
These flies mate soon after emerging and without partaking of food 
begin to deposit eggs on cattle. The eggs are laid for the most part 
on the legs, probably the majority of them being below the knee or 
hock joint. The eggs hatch in from 214 to 6 days, depending upon 
the temperature. The young larve crawl down the hair to the skin 
and immediately begin burrowing into it. At the point of entrance 
serum usually exudes and rather characteristic scabby and tender 
areas remain for a few days. After penetration little is known of 
the minute larve from the time they pass through the skin until 
they appear in the body cavity, especially inthe submucous layers 
of the gullet of the host, having increased considerably in size and 
become more opaque, and evidently having passed through a molt. 
They spend several months in the host, mainly in the tissues between 
the mucous membranes and the muscular walls of the gullet, and 
evidently, as shown by one of the writers (Laake, 57, 58), pass 
through a molt in that situation or en route to the back. Growth 
continues during the summer months, and in the fall or winter the 
erubs have attained a length of from 15 to 17 millimeters and are 
ready to start on their migration to the back. Here again the exact 
route followed is not absolutely known; but these larve, which are 
of sufficient size to be found easily, have been met with in various 
places in the chest and abdomen and on the diaphragm. Not infre- 
quently they are observed in the spinal canal and a Little later are to 
be found in the connective tissues beneath the skin along the back. 
A hole is cut through the skin almost immediatély after the larva 
reaches that situation and within 2 to 6 days the larva again molts 
and a wall of tissue begins to form around it in the form of an 
encystment sac. The next molt takes place about 24 days later, and 
the insect is now in its final larval stage. The duration of this stage 
averages about 30 days. It is thus seen that the development requires 
approximately a year’s time, there being one generation during the 
year. The major part of this time, from 9 to 11 months, is spent 
within the body of the host. 


DISTRIBUTION 
The distribution of the two species of Hypoderma affecting cattle 


has received comparatively little attention, certainly not as much 
as the subject deserves. It appears that the grubs reach their maxi- 
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mum development in numbers in parts of Germany. They are 
known to be abundant in Switzerland, Denmark, Holland, and the 
British Isles, and probably occur throughout Europe. They are 
abundant throughout the greater part of the United States and 
southern Canada. 

It is very doubful if either species of Hypoderma will ever become 
an established pest in the Tropics or subtropics. Both have been 
repeatedly introduced there with cattle, but there are no records of 
subsequent breeding. It is true, however, that positive information 
is very meager as to the presence of Hypoderma in parts of the 
world other than those in which it is a pest. A. H. Ritchie informs 
the writers that in the West Indies he has never seen the warble 
except in four animals imported from the United States. 

No records are known to the writers of the occurrence of Hypo- 
derma in South America. The genus is replaced in tropical America 
by Dermatobia, and its similar injury to hides leads some to think 
Hypoderma is present there. 

Hypoderma is not indigenous to South Africa and apparently has 
never become established through introductions. Lounsbury (62) 
and Hutcheon (47) state that they have no knowledge of the occur- 
rence of either species of Hypoderma in native cattle in the Union 
of South Africa. Lounsbury says in a letter: “Now and then 
warbles are found under the skin of animals imported within a 
matter of months, but I have never heard of any being found in 
animals bred in the country or here for a number of years.” 

Howard (46) reports the finding of larve of H. lineatwm in 
Mozambique, East Africa, but does not say if from native or im- 
ported cattle. 

James Bequaert has informed the writers that in his extensive work 
in Belgian Congo he has never seen or heard of an authentic case 
of the occurrence of either species of Hypoderma in that country. 
He also directs attention to the statement of Roubaud (85), who has 
paid special attention to dipterous parasites of mammals in Belgian 
Congo and French West Africa, that he has never seen Hypoderma 
on cattle in that region. In northern Africa, Hypoderma evidently 
occurs. E. E. Austen writes that the British Museum contains a 
male of 77. bovis from Algeria near Bone, collected May 5, 1896, by 
A. E. Eaton. Vaney (104) in 1911, states that H. bovis occurs in 
Algeria. Willcocks (7/2), in 1918, says that H. bovis occurs in 
Egypt, but whether or not it is a common pest is not known. 

In Australia, likewise, neither species seems to have gained a foot- 
hold. Tryon, in 1906 (/00), and again in 1912 (107) reported the 
apparent stamping out of a local introduction in the Richmond 
district. Pound (79)-describes the appearance of warbles in im- 
ported stock and adds, “It is difficult to assign any definite reason 
why the cattle grub fly has not become established in Queensland. 
Evidently the conditions of environment are unfavorable.” Smit 
(92) states that HZ. bovis imported into the Dutch East Indies from 
Holland apparently failed to establish itself, as no records in native 
cattle have been made. 

Regarding the nonoccurrence of Hypoderma in Hawaii, Van 
Dine and Norgaard (108) write: “One and possibily both of the 
bot flies attacking cattle have been brought to Hawaii with im- 
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ported. cattle. So far neither of them seem to have become estab- 
lished here.”. : | 

Hypoderma bovis is essentially a northern form. This point has 
been brought out by a number of writers. Glaser (29) found that 
in Germany bovis predominated over the northern part of the em- 
pire while /ineatum was more in evidence in the southern part. It 
is also worthy of note that Hypoderma larve are much more abund- 
ant in northern than in southern Germany (56). A writer (7) in 
Germany has pointed out that, with the interruption of the control 
work in that country due to the war, the insect had spread to pre- 
viously uninfested areas. In Denmark, although lineatum is present, 
bovis is far more prevalent. Bequaert (in litt.) says: 

In Belgium and France H. bovis is by far the most common species, and in 
some regions quite abundant. I do not know of any record of H. lineatum in 
Belgium. In France that species is very rare and of recent introduction; it 
was not known there at the time Joly (51) wrote his monograph, 1846. 

In fact H. lineatum was not recorded from France until 1894 
(SO). Brauer (8, 9) states that H. bovis is distributed from Scan- 
dinavia to the southern part of Europe and over Asia, Africa, and 
North America. He writes that this is the only species found in 
upper and lower Austria, Styria, and Hungary. He records the 
distribution of H. lineatum as South Russia, Norway, the Balkans, 
the Caucasus, and England. Vaney (/04) reports H. bovis to be 
common in the Lyonnaise region in France. He and his associates 
(59, 60, 105, 107) observed the number of grubby hides to range 
during the height of the season from about 12 to 21 per cent in 
different years. Waney reports the occurrence of H. bovis only in 
the Lyonnaise region. ‘Third-stage specimens, however, which he 
sent the writers from the gullets of cattle of that region, prove 
to be H. lineatum. In England and Ireland both species are com- 
mon but sufficient data are not at hand to show their relative num- 
bers. Hadwen (36) states that in Canada the two species have 
equal distribution, but that their distribution in the northern part 
of the country has not been determined. He makes no definite state- 
ment, however, regarding the relative abundance of the two. 

A. Gansser, chairman of the Warble Fly Commission of Basel, 
Switzerland, states in correspondence that both H. lineatum and 
H. bovis are present in that country. H. bovis apparently con- 
stitutes about 60 per cent of the total number. The insects appear 
to be very abundant in certain sections of that country. Gansser 
states that they are generally distributed in the Alps and Jura 
Mountains up to 6,000 feet. He mentions heavy injury in the can- 
tons of Valais, Vaud, and Grisons. Bornand (7) also comments on 
the abundance of H. bovis in cattle of the Jura and the Alps. 

Until recently practically nothing definite has been known of the 
occurrence of Hypoderma in India. Maxwell-Lefroy and Howlett — 
(66) write: 

It seems probable that Hypoderma, the common European genus, is confined 
to western India from the Punjab southward probably as far as Gugerat. 

~O’Quinlan (superintendent, C. V. D., Bengal) informs us that he has rarely or 
never seen warbles in Bengal cattle, and this agrees with our experience. 

Patton (75) secured a specimen of 7. lineatum from Doctor An- 
nandale from India in 1922 and later others were sent him by Capt. 
H. E. Cross, who at the same time sent to the writers specimens of 
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several larval stages of H. lineatum from the Punjab. He also fur- 
nished data showing an infestation of slightly over 35 per cent of 
some 41,000 head of cattle which he examined in different parts of 
the Punjab. C. W. Howard has written that he has never seen 
Hypoderma larve in southern China, except in cattle that were be- 
ing imported. C. P. Clausen made some inquiry regarding the oc- 
currence of Hypoderma in Manchuria in 1923. He informed the 
writers that although cattle in that Province were not infested, those 
from Mongolia were heavily infested. Clausen’s informant stated 
that although many infested cattle were brought into Manchuria 
from Mongolia, they became free from grubs in one year. Clausen 
also learned from Dr. H. Okamoto that near Sapporo, Japan, there 
is a small locality in which this pest has become established, prob- 
ably through introductions of cattle from America. Doctor Mat- 
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Pic. 1.—Distribution of Hypoderma lineatum in the United States. Hach dot repre- 
sents a locality where this species has been collected during this investigation 


sumura also informed Clausen that 7. bovis occurs on cattle in the 
vicinity of Akita. ; 

Through correspondence and by personal examinations by agents 
of the bureau, the distribution of the cattle grubs in the United 
States and their relative abundance have been determined with fair 
accuracy. A summary of the information on this subject was pub- 
lished by one of the writers in 1915 (4), and Mote (69) has made a 
valuable contribution regarding the distribution of Hypoderma in 
Ohio. A study of the accompanying maps (figs. 1 and 2) will best 
illustrate the distribution of the two species of Hypoderma in the 
United States. It is apparent that 1. lineatwm is much more widely 
and generally distributed in this country than is /7. bovis, in fact, the 
entire area wheve //. bovis occurs is also infested with HZ. lineatum. 
The former species had never been recorded in the United States up 
to 1919 (50). Riley (84), basing his information on a number of 
collections mainly from the Central and Southern States, concluded 
that probably 7. bovis did not occur in this country. Hadwen (32) 
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in 1912 showed that H. bovis occurred in abundance in southern 
British Columbia, and further evidence of the distribution is given 
by Hewitt (42) in 1914. Hence it is problematical as to just when 
that species was introduced, if in fact it is not anative. Records indi- 
cate, however, that it has been introduced rather recently. H. linea- 
tum, on the other hand, has been known in this country for many 
years and has been bred from the native bison, suggesting the possi- 
bility that that form may be in reality an American species and not 
introduced from Europe. As indicated by the map, H. bovis is now 
generally distributed in the Northern States from Illinois to Maine 
and occurs in more or less isolated areas throughout the Northern 
States to the Pacific. 

As stated by one of the writers (4) in regard to H. bovis, this 
species “must have some well-marked climatic barriers which have 
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Fie. 2.—Distribution of Hypoderma bovis in the United States. Hach dot repre- 
sents a locality where this species has been collected during this investigation. 
The points shown in the Southern States are collections of larvae shipped in in 
cattle 


prevented its general dissemination through the country.” As also 
pointed out in the publication referred to, there are certain areas in 
the United States which are almost, if not entirely, free from grubs. 
The most notable example of this is in the valley of the Red River 
of the North. In the southern two-thirds of Florida grubs are ap- 
parently not to be found except in imported animals. This condi- 
tion may be due to some combination of natural-control factors, as 
humidity, salt spray, and drainage. In eastern Massachusetts, the 
coastal area of New Hampshire, and parts of southwestern Illinois, 
grubs are relatively scarce. Similar areas of scarcity have been 
noted by Hadwen in Canada, and he has also observed that the 
warbles are more abundant in the western Provinces than in the 
eastern. The writers’ observations and reports from stockmen in- 
dicate that there is a marked variation in the abundance of grubs in 
different localities even when not distinctly separated. Sufficient 
data are not at hand for drawing final conclusions in regard to the 
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areas of unusual abundance or scarcity; but it is believed that the 
effect of drainage, soil conditions, and the presence of certain types 
of vegetation are factors. In general, the lighter soils and good 
drainage, especially in the areas of heavy rainfall, appear to be 
favorable to the development of grubs. The presence aa timber or 
moderately heavy vegetation also seems to favor them. There ap- 
pears also to be an inhibiting influence existent along the coast, 
especially on the Atlantic. 

Tt has not been possible to determine any special correlation be- 
tween altitude and the abundance of grubs. It has been noted, how- 
ever, that they seem to thrive admirably in fairly high altitudes. 
This is especially true with H. lineatwm, which is known to be 
abundant at elevations above 7,000 feet. Some reports received 
from hide dealers indicate that they think grubs relatively fewer in 
numbers in the mountain ranges, but the writers’ observations do 
not bear this out. 

The evidence seems clear that in general where cattle are kept 
on the range, especially during the spring months, the grubs are 
more abundant. This condition is associated with the care the 
cattle receive, the absence of protection from the flies by barns and 
sheds, and the lack of cultivation of large areas. It is also probable 
that the poor and weak condition of stock on the range during early 
spring gives the flies a better opportunity of successfully depositing 
their eggs on them. Cultivation is apparently destructive to many 
of the larve, although the reduction in the number of grubs may 
be brought about by the combination of conditions which usually ac- 
company intensive cultivation of large areas. 

There is considerable variation in abundance of grubs from year 
to year in any given region, but in general this variation does not 
prevail throughout the entire country. Statistics on the percentage 
of grubby hides during the years 1921 to 1923, inclusive, furnished 
by some of the leading meat packers as recorded at their principal 
plants, show a distinct increase (average of 10 per cent) in grubbi- 
ness during this 4-year period. At first thought this might be at- 
tributed to seasonal conditions; but the fact that this increase was 
greatest and most consistent in the North, where H. bovis is known 
to be gaining a foothold, indicates that it may really be due in part 
at least to the spread of that species. If this is true, a very con- 
siderable further increase in percentage of grubby hides and degree 
of infestation may be expected. 


ECONOMIC IMPORTANCE 


That grubs are highly injurious to cattle is generally conceded. 
Opinions vary greatly, however, as to the exact extent of the in- 
jury, and it is a difficult matter to determine with any degree of 
accuracy the ill effects caused through the activity of the various 
stages of these insects. Injury is produced in a number of different 
ways. These may be classed in two general groups—(1) annoyance 


caused by the flies during the deposition of eggs, and, (2) irritation 
produced by the larve within the bodies of the hosts. The first 
group, of course, varies with the abundance of the insects and also 


with the species present. //ypoderma bovis causes the most excite- 
ment to stock and hence, where it occurs, produces the greatest dam- 
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age in this respect. Losses caused by this annoyance include marked 
reduction in milk flow, failure to put on flesh normally, mechanical 
injury due to the wild efforts of the animals to escape attacks; and 
not infrequently loss from the miring down of cattle when they 
rush into ponds or mud holes, or their injury or destruction when 
running over embankments or cliffs. These attacks usually occur 
at a time when the stock are in a weakened condition in early spring, 
hence the danger of miring and abortion is increased. The exas- 
peration and often death loss resulting from stampedes caused by heel 
flies is well known to stockmen. The second group may be divided 
into four sections: (1) The soreness and pain produced by the pene- 
tration of the young larve through the skin; (2) the irritation pro- 
duced in the gullet and in other internal organs due to the migrating 
larve; (3) inflammation produced along the spinal cord and on the 
main branches of the nervous system by the burrowing of the larvee 
along the spinal canal and the ingress and egress of that canal; 
and (4) the irritation produced by the later larval stages in the 
subdermal tissues of the back, with accompanying pus formation. 

The exact extent of loss produced by these various stages and 
activities of the insect can not be determined, but it may be well to 
point out some facts along this line. Considering the loss produced 
by the flies at the time they are depositing eggs, many dairymen 
affirm that they know immediately by reduced production of milk 
when the heel flies become active. Of course the amount of loss at 
this time depends to a large extent upon the number of flies, the 
quantity of feed supplied the cattle, and the protection afforded 
them during the day. In regions where the grubs are abundant some 
dairymen estimate the milk loss at from 10 to 25 per cent during 
the period of fly activity. The season when the adult flies are active 
varies, lasting from one to four months. It can be well understood 
how this marked reduction in milk flow is brought about when the 
frantic efforts of the cattle to escape attack are observed. They are 
frequently seen standing closely bunched in the shade or in the 
middle of a pond or stream during the major part of the day when 
they should be grazing. 

The annoyance produced by the penetration of the young larve 
through the skin is by no means small, although the period when it 
occurs is comparatively short. This irritation is indicated by the 
violent licking of the heels and. other parts where the penetration 
is taking place, accompanied by intermittent kicking and stamping 
of the feet. There are also extensive external lesions, their loca- 
tion indicated by hair matted and rough from the exuding serum 
and sometimes by rather extensive areas denuded of hair or even by 
sloughed areas. This injury is more severe in the case of H. lineatuan 
than with H. bovis, owing to the fact that with the former many 
larve penetrate the skin at nearly the same spot, the eggs from 
which they emerged having been laid together, whereas the eggs 
of the latter are placed singly. 

Little is known as to the annoyance produced by the migration 
of the first-stage larve after they have passed through the skin. 
It is possible, however, that this is of minor importance. As the 
larvee increase in size, and especially when they are numerous, there 
is no doubt that their migration through the body influences the 
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productivity and health of the host. When the larve reach the 
esophagus in numbers, however, marked irritation is often in evi- 
dence. The submucous tissues are edematous, usually yellowish, and 
sometimes bloody in the region of the larve. Cases are on record 
in which heavy infestations of the esophagus produced edematose 
conditions with large swellings. Instances are also recorded in 
which the larve burrowing along the spinal canal have caused 
paralysis of the posterior parts, although this seems to be unusual, 
considering the large number of cases in which infestation of the 
canal occurs. 

Abundant testimony is at hand as to the injurious effect of the 
last-stage larve under the skin in the backs of cattle. Many stock- 
men believe, and their opinion in most cases seems well founded, 
that heavy infestations of the grubs in the backs of calves are a 
prime factor in causing their death. It has been observed repeatedly 
that where these larve are removed,*the calves begin to “ pick up ” 
promptly. The effect of heavy infestations in the backs of dairy 
cattle is also responsible for decreased milk flow. Danish literature 
contains a reference to a case observed by Boas (6), in which a 
cow producing daily from 30 to 32 pounds of milk increased the 
yield to 40 pounds a few days after 80 larvee had been extracted 
from the back. Feeders frequently comment on the difficulty of 
fattening animals in which a considerable number of grubs are 
present. Those who feed steers on an extensive scale during the 
winter have infornied the writers that in most cases when an animal 
is not making proper gains, it will be found upon examination to 
have a heavy infestation of grubs in the back. When these are ex- 
tracted the animals usually respond well to the feed. Exact in- 
formation on this subject is meager. Sch6éttler and Glaser (88) 
have reported upon an experiment which they performed in Ger- 
many on the effect of grubs on the fattening of cattle. The grubs 
were extracted from one-half of the herd and the other half kept 
as a check. The portion from which the grubs were removed showed 
a gain in weight of 5.16 per cent over the infested portion of the herd. 

Aside from the damage produced by the holes cut in the skin, 
there is other injury produced to the host itself by the grubs while 
located in the subdermal tissues of the back. When the young larve 
first reach the subcutaneous tissues along the back, marked swellings 
are often produced. These are evidently painful, as indicated by 
the action of the host when they are touched. Just how much irri- 
tation is produced after this is problematical. Undoubtedly the 
spiny armature of the fourth and fifth stages causes considerable 
irritation, but it is supposed that the encystment sac surrounding the 
larger larve is practically free from nerves, and for this reason 
the host probably does not experience any considerable amount of 


pain or annoyance. Not infrequently, however, pus organisms gain 
entrance to the openings, and often large abscesses are formed under 
the skin. These are associated usually with the death of the larva, 
either by crushing or by its imprisonment and suffocation from the 
firm plugging up or scabbing over of the hole in the skin. In a 
number of instances abscesses have been observed which were half 
as large as the crown of a man’s hat and very sore. If these are 


well opened and drained they soon heal, but where they are not 
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properly drained they may discharge for considerable periods, and 
sometimes large encystments occur which may form a permanent 
blemish on the animal. 

Another injury of distinct type, but directly connected with the 
infestation with grubs, has been discussed by Hadwen and Bruce 
(39). They have shown that the injection of the juice of a few 
grubs into a bovine may cause death by anaphylactic shock in a 
few minutes, and that the crushing of a number of grubs in the back 
of an animal may cause marked anaphylactic symptoms. Their ex- 
planation of this is that when an animal has been infested with 
larvee of Hypoderma it becomes sensitized, and if the contents of 
grubs are introduced either by absorption through natural crushing 
of the larve in the back or by injection into the animal, anaphylactic 
symptoms are produced. In nature cases of anaphylactic shocks 
are probably rather rare, though they might follow the crushing of 
a considerable number of larvie in the back of an animal, as some- 
times happens. 

In addition to the direct effect of the larve on the host itself, 
there is also an influence on the value of the meat as human food. 
The presence of the larve in the connective tissues of the back pro- 
duces a very repulsive if not actually injurious condition in that 
portion of the carcass. This necessitates the trimming off of the 
affected parts, frequently resulting in the loss of 2 pounds of meat 
and at best leaving the carcass unattractive and hence less salable. 
This infiltrated edematous tissue is yellowish and more or less 
bloody, and appears watery or jelly-like. It is seldom that more 
than the connective tissue and fat immediately under the skin are 
affected. ; 

The loss in the value of hides due to the holes cut by the larvee 
is one which can be more nearly figured in dollars and cents than any 
other. Furthermore, this loss is constantly brought to the attention 
of hide dealers. Some very interesting information has been gleaned 
from the replies of about 100 packers, butchers, hide dealers, and 
tanners in all parts of the country through a questionnaire sent out 
in 1920. It has been computed from these replies that 19 per cent of 
all hides handled are classed as “grubby ” and over 50 per cent of 
the hides taken off in grub season are so classed. The method of 
classing grubby hides varies considerably in different sections of 
the country. Most packer hides are sold on a grub-selection basis. 
The percentage of grubby hides is determined by the individual 
inspection of a sample of each lot of hides. Any grub injury which 
will permit of a skewer being pushed through is considered a grub 
hole. Country hides are usually sold “ flat for grubs;” that is, the 
percentage of grubby hides is not determined by inspection, but the 
price is reduced during the grub season sufficiently to cover the low- 
ered value of the hides. 

On the Chicago market it is the custom of the trade to inspect, for 
grubs, branded cow hides and Texas steer hides from November 1 to 
June 1, Colorado steer hides from December 1 to June 1, and all 
other classes except bull hides from January 1 to June 1. It is ob- 
vious that these periods do not fully cover the seasons of grub dam- 
age; for instance, in the Northern States where H. bovis occurs, 
some grubs are present throughout the summer. Bull hides and calf- 
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skins are seldom classified as regards grubs. On this market it is 
customary to place ail packer hides with five or more grub holes in 
grade No. 2 and discount them 1 cent per pound. With a country 


Fic. 3.—‘Grubby” hide after being tanned, practically ruined by holes made by 
cattle grubs in most valuable part 


hide, one grub hole makes a No. 2, Some recognize a No. 3 grade, 
placing in it all hides with more than 10 grub holes. Extremely 
grubby hides are frequently called “pepper boxes” (fig. 3) and are 
sold as glue stock at one-half price. The discount for grub holes in 
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leather varies considerably, but usually ranges between “3 and 10 
cents per pound, according to the number of erub holes in the side. 

Practically all those concerned in the hide and leather business 
agree that the scars resulting from grub attack are not desirable in 
leather, but the opinion as to the percentage of injury produced dif- 
fers considerably. Some say that even when completely healed 
grubby hides are undesirable in their business, on account of ap- 
pearance, weaker fiber, etc. 

It is generally agreed that the nominal discount of 1 cent per 
pound applied to grubby hides (grade No. 2) by trade custom is far 
too low. Many tanners state that they would gladly pay double the 
1 cent per pound additional charged for hides of No. 1 grade if they 
could obtain grub-free hides. In fact, tanners of hides for certain 
purposes make every effort to avoid the grub season in purchasing 
their stocks; and this practice, in addition to tying up considerable 
capital for several months, introduces another indirect loss. Under 
present methods of storing green salt hides there develops i in them, 
when held for several months, a condition known as “salt stain ” 
which materially damages them. This loss is in a large measure 
chargeable to the warble. There are also a number of tanners who 
are purchasing Argentine and other foreign hides primarily to avoid 
grub damage. Grub holes are especially to be avoided when the 
leather is to be used for certain purposes; for instance, in upholstery 
leather even one or two holes coming in the center, as they usually 
do, would cause the entire hide to be ‘discarded for that purpose. 

Estimates of the actual monetary loss in hides and leather in 
the United States due to the grubs run from $5,000,000 to $10, 000,000 
annually. Although the percentage of infested hides varies some- 
what from year to year and the number of cattle slaughtered also 
varies, it is thought that the figures for the winter of “1921-22 are 
about normal. In the period from November 1 to June 1 of these 
years, 4,448,793 cattle were slaughtered under the inspection of the 
Bureau of Animal Industry. It is estimated that about 40 per cent 
of the cattle killed in the United States that year were under in- 
spection. Thus, the total number of cattle slaughtered in the United 
States during the period mentioned would be 11, 121,980. Accepting 
the estimate that 50 per cent of these hides are infested with at least 
5 grubs each and hence are placed in grade No. 2, we would have 
5,560,990 of this grade. At an average of 40 pounds each and apply- 
ing the nominal 1 cent per pound discount the loss would amount to 
$2,224,396. During the same period the number of calves slaughtered 
under inspection was 2,277,165. By the same method of figuring as 
for cattle, but considering only 30 per cent of the skins infested 
and the average weight at 20 pounds, there would be experienced a 
loss of $341, 575, or a total annual loss among cattle hides and ealf 
skins of $2, 565 97 i. 

Taking into consideration the number of hides which are damaged 
but not taken off during the season of grub classification, the num- 
ber which are perforated by less than five grubs, the number which 
are placed in grade No. 2 or thrown into glue stock at one-half 
price owing to extreme infestation, the loss through salt stains in 
storage, and the increased cost of handling in making grub selections 
of the hides, side leather, and cut leather, and accepting the state- 
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ment of hide dealers and tanners that the discount of 1 cent. per 
pound is really too small, we may reasonably place the total loss 
to the hide, tanning, and leather industries of the United States at 
$5,000,000 each year. Coppens (23), in connection with a discussion 
of losses produced by this insect in Europe, states that the War 
Ministry at Brussels found that the wearing properties of grubby 
hides as leather is only 30 per cent of that of sound hides. Mason 
(65) also touches on the importance of grubs to the tanning in- 
dustry. De Vries (27) and Ostertag (74) also discuss losses in 
Europe due to these insects. A 

After a careful consideration of the various losses brought about 
by the cattle grubs the writers have concluded that they are con- 
servative in placing the annual loss in the United States chargeable 
to them at $50,000,000. 


: INJURY TO MAN 


Many cases are on record in which larve of Hypoderma have 
been extracted from man. They are found usually in the subdermal 
tissues, where they produce what is often called “creeping myiasis.” 
There seems to be a tendency for the larve to work upward and 
most of them are finally extracted from the head, face, or upper ex- 
tremeties. These migrations are often extensive and rather rapid, 
accompanied by considerable pain. In some cases the larvee appear 
under the mucous membranes of the mouth. 

The source of these infestations in man is not known, but most of 
them have been in children and usually the affected individuals have 
been more or less associated with the cattle. It is probable that 
the flies occasionally oviposit on the hair of the heads or legs of 
children or on their clothing and the larve penetrate the skin 
upon hatching. In the experience of Glaser (29, No. 5, p. 25) while 
experimenting with the grub, there is an example of the deposition 
of an egg on woolen clothing. In this case the resulting larva 
hatched and penetrated the skin of the leg. Some time later its 
presence in the gastric and esophageal regions was detected by an 
uncomfortable feeling. The larva apparently passed up the esopha- 
gus and was later extricated at the base of one of the lower molar 
teeth. 

Hamilton *® records a case of a boy who was suffering for some 
months from swollen glands on the neck, accompanied by a fetid 
ulceration around the back teeth on the lower jaw. After three 
months of unsuccessful treatment a well developed tawny warble 
larva was discovered in the ulcer at the root of the tongue. The 
‘case resulted fatally. 

The writers have obtained through W. A. Riley, of the Uni- 
versity of Minnesota, the clinical history, as prepared by O. A. 
Kimble, of a case of dermal myiasis. As this case is typical, and 


as opportunity has been afforded of examining the larva, a résumé 

of the case is given. A child 6 years old, living on a farm, was 

brought to Doctor Kimble’s oflice during the first week in Novem- 

ber, 1920. She complained of a swelling of the left forearm with 
5 Hamilton, John. I Medico-entomology. In Ent. News, vol. 4, pp. 217-219, 1893, 
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some stiffness and pain in the wrist. The pulse and temperature 
and general physical condition were normal. Three weeks later the 
child exhibited a swelling of a similar nature in the lumbar region 
on the left side. This lasted only a few days. During the first 
week in December the child was again brought in with a slightly 
edematous area, about the size of the palm of the hand, on the 
left side in the midaxillary region. Two or three days later this 
area showed two small perforations of the skin about an inch 
apart. A similar area next occurred on the lower border of the 
right scapula. Pain was felt in the area and a few hours later 
two punctures appeared. A few days later the child’s father 
saw a larva moving in a hole which appeared on the upper angle 
of the left scapula following a similar clinical experience. Two 
days later a larva was pressed from a puncture which appeared at 
the base of the mastoid process of the left temporal bone. This larva 
was found by the writers to be H/. dineatum in the third stage. 

Another interesting case has been brought to the writers’ at- 
tention by R. A. Cooley. Dr. O. E. Patterson, who attended this 
case, and the mother of the infested child have kindly furnished a 
very complete history of the case. This infestation occurred in a 
child of 5 years who lived on a stock farm near Moiese, Mont. From 
late November, 1921, to March 1, 1923, 14 larvee were removed from 
the patient. Seven of these appeared on the head and face, one each 
from the neck, arm, shoulder, and chest, and one each from the 
thigh and from the calf of the leg. The symptoms accompanying 
the appearance of each larva were very similar but most acute 
with those on the face. Several hours (sometimes 24) preceding 
the appearance of each larva there was malaise and pain in the 
stomach, accompanied later with marked fever. These symptoms 
then gave way to retarded heart action, cold limbs, and drowsiness. 
When these symptoms had practically disappeared a local pain 
and swelling occurred in the region where the larva came to the 
surface. The duration of each attack ranged from one and one- 
half to four days. After several larvee had been expelled symptoms 
of neuritis began to manifest themselves in stiffness of the legs, 
weakness of the leg muscles, and finally almost complete paralysis 
of the lower extremities, which lasted several weeks, only subsiding 
after practicaly all larve had come to the subdermal region. A 
year later this paralytic condition had not completely disappeared. 
These symptoms suggest that some of the larvee may have entered 
the spinal canal and produced lesions there. 

The writers have examined two of the specimens from this case 
and found them to be third-stage larve of 7. lineatum. 

Riley (84) has given a rather complete account of the infestation 
of a child in Pennsylvania. A physician was called to attend this 
child, which was supposed to be suffering from erysipelas. The 
child, a boy of 3 or 4 years, was suffering sufficient pain from some- 
thing working under the skin to prevent his sleeping at night. This 
larva had been noticed five months before under the skin near the 
sternal end of the right clavicle, and during the intervening time 
it had traveled up and down the chest, in front down.one arm to 
the elbow, and over one side to the back. Prior to the calling of the 
physician no serious annoyance had been experienced. This larva 
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after removal was positively identified by Riley as H. lineatwm in 
the next to the last stage. 

Schéyen (89) has presented a résumé of a large number of cases 
which have been encountered in Norway and elsewhere. He states 
that he has examined many of these grubs and that they are without 
doubt H. bovis. He further says: 


As a rule they have accomplished long ramblings under the skin, always 
in an upward direction previous to their appearance through an open tumor 
on the upper part of the body, head, neck, shoulders, ete. All of them have 
lived in this manner for months and came out in the course of the winter 
months, but were always still too young to go through their transformation. 
Tt is especially with persons who look after or take care of cattle in the 
summer months that such grubs are to be found during the winter. 

It is of course conceivable that these larve in their migrations may 
cause some rather serious symptoms, which in many cases may not 
be attributed to the larve at all. 


COMMON NAMES AND POPULAR IDEAS 


It is not surprising, considering the wide distribution and common 
occurrence of Hypoderma on cattle, that the insects should have 
come to the attention of nearly all of the cattle raisers of the country. 
As with most other insect pests, various colloquial names have been 
applied to them. In the Southern States the larve are commonly 
spoken of as “wolves” and sometimes as “grubs.” In the North . 
and West the term “warbles” is commonly used for the larve 
although they are frequently spoken of as “grubs.” By butchers, 
hide dealers, and tanners throughout the country, the name “ grub” 
is applied very generally to the larve of both species and the infested 
hides are spoken of as “grubby.” Certain individuals sometimes 
also speak of the larve as “worms” and others call them “cattle 
bots” or simply “bots.” The term “heel fly” is commonly applied 
to the adult insect throughout the United States, but in most cases 
the stockmen do not connect the heel fly with the grub in the backs 
of the cattle. The term “heel fly ” is very appropriate, especially for 
Hypoderma lineatum, as it fittingly describes the habit of the fly in 
attacking the lower extremities, particularly the heels, during ovi- 
position. “ Warble fly” is applied to the adult insect by some stock- 
men, especially those from England, and “gad fly” is used for it 
in some localities. The use of the last name is not desirable, as it 
is more frequently applied to the horse flies (Tabanidae). 

In Great Britain the term “ox warble” is used for both species. 
In Germany the words “Dasselfliege” and “Dasselbeule” are 
applied specifically to the fly and the larva in the back of the host, 
while “Dasselplage” refers to infestations. In France the word 
“varron” is used. 

There is need for common names to designate the two species. 
The propriety of adopting the name “ox warble” for the two forms 
might be open to question, on the ground that the use of the word 
“ox” as applied to cattle is almost obsolete in this country and 
that the word “warble” is more aptly applied to the swelling pro- 
duced by the larva im situ and is esnantialty an English term. 

Owing to the aptness and general use of the term “cattle grub,” 
the adoption of this name for the larval stages of the two species is 
advised. Since /. bovis is not to be found in the South but thrives 
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in the North, the term “northern cattle grub” is suggested for this 
species; and since #/. lineatum is abundant and widely distributed 
thr oughout the country it may be termed the “ common cattle grub.” 
When referring to the adult the word “fly” could be added aiter 
either of the names and thus the habits of the Jarvee would be sug- 
gested; but the well- established term “heel fly,” with the modifying 
words “northern” or “ common’ ’ preceding it when it is desired to 
refer definitely to one species, is preferable. 

The most prevalent idea as to the cause of the grubs in the backs 
of cattle is that the animals are stung by the large black horse fly 
(Tabanus atratus Fab.) (fig. 
4). This idea originates 
from the observation that 
these flies attack the cattle 
primarily. along the back 
where the grubs occur and 
that they annoy the stock 
considerably. A good many 
stockmen are of the opinion 
that the running of cattle in 
the spring is caused by the 
pain produced by the grubs 
in the back, especially at 
the time they are dropping 
out. This erroneous suppo- 
sition is, of course, corre- 
lated with the fact that the 
heel flies are seldom seen in 
action, owing to the rapidity 
with which the cattle leave 
a spot when the heel fly 
appears. There are many 
different notions held by 
Fic, 4.—The black horse-fly (Tabanus atratus), stock raisers as to how grubs 

cattle grubs, Moch enlarged | eee get into the: backs ai iemmme 

and what causes them. These 
are often colored by the theories propounded by naturalists as 
reviewed in the preceding historical sketch. 


HOSTS 


The normal host of Hypoderma bovis and H. lineatum is cattle, 
Bos taurus. The American bison, Bos bison, is known to be infested 
at times with H. lineatum, but bison do not appear to be so heavily 
infested as are cattle raised under similar conditions in the same 
regions. The migration and development in bison appear to -be 
practically the same as in cattle. 

A number of reports are at hand of the occurrence of H. lineatum 
larvee in the subdermal tissues of the backs of horses. A few speci- 
mens of larvee from this host have been examined by the writers and 
found to be H. lineatum. Most of those seen were in the fifth stage. 
Stockmen have informed the writers that occasionally one of their 
cow ponies becomes infested with as many as 10 or 15 grubs. These 
sometimes produce abscesses, probably due to the crushing of the 
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larve by the saddle. The writers have no authentic records of the 
complete development of larve within a horse, but this probably 
occurs occasionally. 

Brauer (8) has described a Hypoderma larva from the horse and 
‘was uncertain of its identity. Ormerod (71) gives considerable in- 
formation on the occurrence of Hypoderma larve in horses in Eng- 
land, but none were positively identified. It is very probable that 
AZ, bovis or H. lineatum was concerned in these cases. 

The writers have made but a single test of the development of 
Hypoderma larve ina horse. On March 15, 1922, and the following 
day two flies (1. lineatum) caught in nature were permitted to 
oviposit on the hairs, on the feet, and at the base of the tail of a 
horse. Five days later most of the eggs had hatched and the larve 
had penetrated the skin as indicated by a copious exudation of 
serum, some of which was slightly tinged with blood. There was 
also some swelling in the region where the larve penetrated at the 
base of the tail. However, the animal did not show any indication 
of irritation at the time the penetration took place. In about a 
week the heavy scab formed by the dry serum loosened. Frequent 
examination of the host during the next year failed to reveal the 
presence of a single larva. 

Since it appears that Hypoderma larve may occasionally develop 
in the goat (Capra sp.), several tests were made of this possibility 
with Angora goats. In 1921, 25 eggs were placed by a fly upon a 
goat’s heels. Three days later some of these were observed to be 
hatched and the larve penetrating, but the animal showed no special 
uneasiness. During the following spring about 86 eggs of ZH. 
lineatum were placed on the legs of another goat. Some of these 
were ready to hatch when the hairs bearing them were cemented 
on the animal. Other eggs of this lot were shown to be viable 
by incubator tests, but no lesions could be found on the host. Unfor- 
tunately one of these goats was lost the following summer, but the 
other failed to develop any larve. On April 10, 1923, a fly was 
induced to deposit 61 eggs on the legs of a kid. Although the eggs 
from this fly were fertile, the host showed no uneasiness and exhibited 
no lesions of penetration. Apparently the eggs were lost before 
hatching. No special difficulty was experienced in getting the flies 
to lay eggs on this host. 

On December 22, 1920, 30 larve, 10 to 15 millimeters in length, 
taken from the gullets of cattle, were inserted under the skin between 
the knee and the hip of an Angora goat. A few days later a careful 
examination of the skin showed the presence of small objects a few 
inches from the point of insertion, which were thought to be some 
of the larvee. On January 17, 1921, two of the larvee reached the 
back in the lumbar region and perforated the skin. ‘These soon 
scabbed over, however, and on March 4 the lumps were considerably 
reduced in size, and the larve were found to be dead. 

Two Angora goats were infested on November 29, 1922, by means 
of an incision on the lower part of the thigh. One of these received 
18 and the other 20 larve of //7. lineatum, averaging 13.2 millimeters 
in length, from the gullets of cattle. On the former of these two 
goats 3 larve appeared under the skin of the back in the lumbar 
region, 2 on December 12, and 1 on December 19; and on the latter 
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2 larve appeared on the back December 12, also in the lumbar 
region. Each larva had cut a hole through the skin, and from these 
holes there was an extensive discharge of serum which hardened, 
matting the hair over the grub, thus indicating a marked reaction 
on the part of the host against the larve. All evidence of the 
presence of the larve disappeared in a few days. 

During 1922 H. E. Cross forwarded a series of Hypoderma larve 
from goats on the Punjab, India. Most of these proved to be Z. 
crossi Patton, but there were two larve of H. lineatwm, one in the 
fourth and one in the fifth stage. 

Peter (76) placed 45 larvee, removed from the spinal canals of cat- 
tle, under the skin of two goats; a single larva finally completed its 
development. 

Koorevaar (54) showed that it is possible for larve of H. bovis 
to complete development in a goat after their removal from the 
spinal canal of cattle and introduction under the skin of the goat. 

Brauer (&) records sheep (Ovis aries) as a host for Hypoderma 
larvee, stating that Winnertz had seen a number of flies following a 
flock and that Schwabs asserted that grubs occur under the skin of 
shorn sheep. These he pronounced to be H. bovis. It is noteworthy 
that Brauer placed a question after Ovis aries as a host. The writers 
have never observed a larva of Hypoderma on a sheep in nature, nor 
have they seen any indication of the attack of sheep by heel flies. 

The writers have carried out a few experiments to illustrate how 
larve will develop in sheep. The flies seem averse to laying eggs on 
the wool, but oviposit readily on the hairs of the legs. Forty eggs 
attached by a fly above the hoof of a sheep apparently did not hatch, 
or at least no lesions indicating penetration were observed. ‘These 
eggs were known to be viable. During the spring of 1922 about 75 
eggs were deposited on the legs of a sheep; subsequent examinations 
failed to indicate that hatching or penetration had taken place. 
Some of the eggs of this lot were known to be fertile. During the 
spring of 1923 at least a few eggs of a number deposited on the leg 
of a sheep hatched and the larve penetrated, as indicated by the 
presence of lesions. 

Two grade Shropshire sheep were infested November 29, 1922, 
by inserting under the skin a few inches above the right hock 20 
H, lineatum larve averaging 13.2 millimet:rs in length, taken from 
cattle gullets. These were probably all second-stage larve when in- 
troduced. On December 7 one larva appeared on the back of one 
of the sheep, and on December 9 one came up on the other host. 
Larve continued to reach the subdermal tissues of the backs of both 
sheep at intervals of a few days until January 3, 1923, when a total 
of 11 had reached the back of each animal. They were rather gen- 
erally distributed over the backs, but more numerous in the lumbar 
region. There was more or less exudate from the grub holes, and in 
no case did the larve remain longer than about 10 days before suc- 
cumbing. Several dead larve, all in the fourth stage, were found at 
different times in the wool. 

Many people are of the opinion that Hypoderma larve are to be 
found in small domestic and wild mammals. There are no published 
records of such occurrence in nature, and the examination of many 
small mammals in the course of the work leads to the belief that 
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Hypoderma seldom, if ever, develops in them. Cats are not infre- 
quently infested with oestrid larvae, but so far as known these all 
belong to another genus, Cuterebra. 

Many dogs kept under conditions which would favor an infesta- 
tion by Hypoderma larvee have been examined with negative results. 
In one instance three adults of H. lineatwm were permitted to ovi- 
posit upon the legs of a dog. About 50 eggs were placed in this 
way; although the eggs were viable, no penetration appeared to take 
place. Unfortunately, the dog was lost before an opportunity was 
had for the larve to reach the back. 

Koorevaar (54) found that larve from the spinal canal of a calf, 
introduced under the skin of a dog, had migrated extensively when 
the animal was dissected two weeks later. Some were found in the 
gullet and some in the spinal canal. 

Four tests of the possibility of the development of H. lineatum 
in rabbits were made by allowing the flies to oviposit upon the hairs 
of different parts of the rabbit. Three of these 4 hosts developed 
lumps on the body within 45 to 100 days after being infested. Some 
of these had openings through the skin, but the presence of the 
larve in them was not definitely determined, and none persisted for 
more than a week or two. In one instance several newly hatched 
larve of H. lineatum were introduced into the eye of a rabbit. They 
were watched for over an hour, but none burrowed into the tissues. 

Two experiments were made with the introduction of larve of 
H. lineatum from the gullets of cattle into rabbits. On December 
22, 1920, 15 larvee measuring from 11 to 15 millimeters in length 
were introduced into an incision near the left hip joint of a Belgian 
hare. The rabbit died from infection two days later. Upon dis- 
section four dead larve were found, but none of these were far from 
the point of introduction. 

On November 15, 1922, 10 larve of H. lineatwm from the gullets 
of cattle were introduced under the skin of a rabbit on the left side 
of the back in the lumbar region. The average length of these was 
14 millimeters. The following morning the rabbit was ill, and had 
considerable swelling below the point of incision. The infiltrated 
area extended down the side and under the belly where there was a 
considerable accumulation of serous material, which was drained. 
On the second morning the animal was worse, with fever, labored 
breathing, stiff hind quarters, and an accumulation of puslike ma- 
terial in the eyes. In the afternoon the animal, which was very 
low, was chloroformed and dissected. Four living and one dead 
larva were recovered. Two of these were in the connective tissue 
from 114 to 2 inches from the point of introduction. One was on 
the surface of the large intestine about opposite the kidney, and the 
fourth was rather deeply imbedded in the connective tissue on the 
inside of the left leg at the knee joint. It was possible to trace this 
larva with considerable certainty by an infiltrated path down the 
side to the median line of the belly, thence backward between the legs 
and upward to the pin bone, and thence to the inside of the leg, the 
point at which it was found. ‘Thus this specimen had traveled 6 or 
7 inches in the subdermal tissue. 

In an experiment carried out by Peter (76), several larvee were 
placed under the skin of two rabbits, In one of these four living 
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larve were found four months later, but they were not seen subse- 
quently. 

A few tests have been made to determine if 1. lineatum larvee will 
develop in guinea pigs. Flies were induced to deposit nearly 100 
eggs on 2 guinea pigs on April 10 and 11, 1928. Eggs from these 
females were shown to be fertile by tests in an incubator, but both 
guinea pigs apparently lost all the eggs before hatching began. 

Several larve of H. lineatwm from cattle gullets were introduced 
through an incision of the skin on the backs of two guinea pigs. 
Both animals were somewhat stiff and inactive the following day 
and the female soon became very sick. An edematous swelling 
developed on the belly. This finally broke and the animal slowly 
recovered, but there was no evidence of the presence of the larve. 
The male guinea pig recovered rapidly and a few weeks later 
developed a small lump with a hole through the skin over it, just 
behind the shoulders. This was a typical grub lesion, but the larvee 
could not be seen. This disappeared in a few days and no further 
evidence of the infestation was seen. 

As is shown in the discussion of “injury to man,” infestations of 
humans, especially children, by Hypoderma are not uncommon, 
although it appears that.man is not a favorable host. 


ACTIONS OF CATTLE WHEN ATTACKED BY ADULT HYPODERMA 


The reactions of cattle to the attack of these insects is so remark- — 
able and so much discussed that a brief statement on this subject 
seems warranted. 

As with the reactions of a host to various other stimuli, we find 
a marked variation in the effect of Hypoderma attack on different 
individuals. This is, however, mainly a matter of degree of violence 
of reaction rather than of kind. As has been mentioned, the fright 
produced by 4. bovis is much more pronounced than that produced 
by H. lineatum, but the latter often causes a wild stampede. 

In the case of both of these species the female has a very flexible 
telescopic ovipositor, in no way fitted for pricking the skin. In fact 
it can scarcely be felt on one’s hand when it is extended by the fly. 
Convincing evidence of this is also afforded in the fact that flies 
have frequently been seen to approach an animal unnoticed and 
deposit many eggs without any annoyance whatever. 

Careful observations among cattle during heel-fly activity will 
soon convince anyone that it is the attack of the fly which produces 
the fright. The writers agree with Hadwen (36) that this fear is 
produced mainly by the persistent attack of the fly. This is par- 
ticularly true in the case of H. bovis. When the fly first attacks 
cattle at the beginning of the season the reaction against it is usually 
not very violent. The animal kicks or shakes the foot, but the 
immediate return of the enemy alarms the cow and she starts walk- 
ing away; being pursued, the fright becomes more pronounced and 
she may run a short distance and begin walking again. The fly 
immediately resumes its attack and then the animal dashes away 
in terror (fig. 5, 6), with the insect often at its heels, in the fashion 
of a dog. ‘There is reason to believe that the fear of this insect 
is to some extent instinctive; also that, as the areas of attack become 
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sore and tender from the penetration of the larve, the animals are 
more easily aroused and terrorized. 

After a herd has been attacked for a few days in spring, it is only 
necessary to have a single fly begin to oviposit on an animal in order 
to start the whole herd from pasture to some protected place. When 
water is at hand it furnishes the preferred and most effective pro- 


a, Cow showing attitude assumed when heel 
calves crowding into shade to escape heel- 


Actions of eattle when attacked by adult Hypoderma : 
(Hypoderma lineatum) first attacks; 0b, heifer attacked by Hypoderma bovis making wild dash for pro- 


tection ; ¢, cows standing in stream to escape heel-fly attack; d, 
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tection. Animals have been observed to remain standing in the 
water practically all day when adults of /7, lineatum were numerous, 
and apparently without ever being molested by flies (fig. 5, c), even 
though the water was not more than a few inches deep. Shade offers 
considerable protection and is usually sought in the absence of water. 


(Fig. 5,d.) H. bovis is less easily repelled either by water or shade 
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than is H. lineatum. Frequently cattle will run for a knoll if shade 
is not at hand, and when the breeze is strong the grouping of the 
stock on high ground seems to give some immunity from attack. 
When these natural protections are not accessible the flies, especially 
H. bovis, will keep up their attack intermittently, causing the cattle 
to run from one part of the pasture to another, in small pastures 
causing them to run round and round until they froth at the mouth, 
breathe heavily, and even drop from exhaustion. Under range con- 
ditions the stock usually have better opportunity of escaping, but the 
tendency to a general stampede is increased, especially if cattle are 
being worked in large herds. | 

When grazing, cattle usually detect the presence of a fly very 
quickly, largely by sight and hearing, but also by touch. Cattle 
readily differentiate between the presence of a heel fly and other in- 
sects. The listening attitude assumed when a fly is in the vicinity is 
characteristic, as is also the action of shaking the foot (fig. 5, a) to 
dislodge a fly, the rolling action of the tail, and the look of fright 
when a fly attacks in earnest. 


DESCRIPTION OF STAGES 
THE EGG 


The egg of Hypoderma lineatum (fig. 6, a; fig. 7) is dull yellowish white 
and the surface is smooth and shining. It is narrowly ovoid, slightly larger 
at the base than at the tip, and its greatest diameter is at the middle. The 
average length of the egg proper is 0.76 millimeter and the average diameter at 
its greatest thickness is 0.21 millimeter. The unattached end of the egg has a 
slight ridge across it from side to side along which the egg splits when hatching 
takes place. (Fig. 6, 6.) This ridge crosses the end slightly on the side toward 
the hair and the micropyle is located centrally at the apex. The clasp with 
which the egg is attached to the hair is oval in outline. The average length of 
the base attached to the hair is 0.31 millimeter. The petiole averages 0.1 
millimeter in length. It is flat and curved and very narrow when viewed from 
the side. The position of the eggs when attached in a row is at an angle of 
about 45° to the axis of the hair, except the last one toward the tip of the 
hair, which is usually more nearly parallel with it. 

The eggs of H. bovis are sim lar‘to those of H. lineatwm except in size, meas- 
uring 0.81 millimeter in length and 0.29 millimeter in width. The clasping 
base is slightly more truncate at the end toward the tip of the hair and the 
petiole arises from the clasp more nearly at its m:ddle than in A. lineatum. 
The most striking difference between the eggs of these two species is the attach- 
ment of the petiole to the base of the egg. With H. lineatwm the attachment is 
on the side of the base of the egg away from the hair whereas with H. bovis the 
attachment is more nearly in the middle of the base and the petiole is more 
elbowed. (Fig. 8.) Furthermore, the eggs of H. lineatum are normally at- 
tached to the hair in rows, whereas with H. bovis the eggs are always laid 
singly. 

Foe THE LARVA 


FIRST STAGE 


The larva of Hypoderma lineatum when hatched from the egg measures 
from 0.55 to 0.65 millimeter in length and from 0.15 to 0.18 millimeter in width 
at its greatest diameter. The width is greatest at the posterior end and the 
larva tapers to the head. It is creamy or dull white in color, and densely 
covered with spines on all segments, the anterior borders bearing the 
heaviest spines in transverse rows, followed usually by six rows of spines, 
more or less regularly placed, and slightly decreasing in size toward the pos- 
terior border of the segment. The anal segment differs from all those pre- 
ceding in that it bears spines of three distinct types. The posterior spiracles, 
which are represented by two dark circular spots, are protected by two or 
three rather large, triangular spines located near their borders. The cephalo- 
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tic, 6.—Hypoderma lineatum:; a, Unhatched eggs attached 
eggs on hair; c, third-stage larva ide view; d, fourth-stage larva, 
¢, fourth-stage larva, ventral view; f, 
terior end of fourth-stage larva 
in center with fifth-stage spiracle 
fifth-stage larva. All much enlarged 


to hair; b, hatehed 
side view; 
posterior end of third*stage larva; g, pos- 
just before molting (note fourth-stage spiracles 

showing beneath) ; h, posterior spiracles of 
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pharyngeal skeleton is composed of two long and nearly parallel rods slightly 
curved outward at the tip on which two crescent-shaped mouth hooks articulate. 
The hooks are pointed at each end, especially the forward one, which termi- 
nates in a sharp point. A prominent inward-curving tooth is located about 
one-third the length of the entire hook from the anterior tip (figs. 9 and 10). 
A stout, sharp spine directed forward projects slightly between the mouth 
hooks. The anterior spiracles appear as two minute circular 
elevations above the mouth parts and at the tip of the head. 

The armature and spiracles of the first-stage larva of 
H. bovis do not differ materially from those of H. lineatum, but 
the larve are slightly larger. The outstanding difference is 
that the mouth hooks of H. bovis are well forked at the anterior 
end and more truncate at the posterior end. The articulation 
of the mouth hooks is on a small knob extending laterally nearly 
at right angles to the axis of the pharyngeal skeleton, which is 
not curved at the anterior tip like that of H. lineatwm. 


SECOND STAGE 


The second or next known larval stage of H. lineatum 
found in the esophagus of cattle (fig. 11) varies in length from 
less than 3 millimeters up to 13 millimeters or sometimes even 
longer. It is cylindrical in form and tapers slightly at both 
extremities. The spinous armature is present on all segments. 
On the body segments the spines are arranged in transverse 
rows beginning with the heaviest spines along the anterior 
border and extending well back toward .the posterior border. 
The spines are more numerous per row, thinner, and longer 
than those of the corresponding segments of the first stage. 

The posterior half of the anal segment is covered with stout, 
sharp-pointed, curved spines; unlike the spines in this group on 
first-stage larve these are provided with a heayily chitinized, 
large, circular, elevated base. 

The second-stage larva of H. bovis, which was first deseribed by 
Phibbs (78), is remarkably similar to that of H. lineatwm in the 
same stage excepting the cephalopharyngeal skeleton and mouth 
hooks, which exhibit the same differences as in the first stage. 


Fic. 7.—Hypo- 
derma linea- 
tum: Row 
of eggs at 
tached to 
hair. Great- 
ly enlarged 


THIRD STAGE 


The third-stage larva of H. lineatuwm (fig. 6, c), sometimes found in the 
gullet just before migration to the back, and later immediately after punc- 
turing the skin of the host, is from 12 to 16 millimeters long and from 2.5 
to 3.5 millimeters wide. It is cylindrical, with the ends tapering and 
often with the anal-.end slightly curved toward the dorsal side. With few 
exceptions segments 2 to 10 inclusive are free from spines, and at the anterior 
end only the group of spines below the mouth parts is present. 
The posterior half of the anal segment is thickly dotted with 
spines having heavy circular bases greater in diameter than the 
length of the spine and nearly three times as great as that of the 
second stage (fig. 6, f). The posterior spiracles measure 14 
microns in diameter, and the triangular spines on the border of 
the spiracles are greatly reduced in size. The form of the 
mouth hooks, although heavier than in the preceding stages, 
remains the same. 


Fic. 8.—Hypo- 


The third-stage larva of H. bovis is slightly larger than that of 
H. lineatum, but the spinous armature shows no material differ- 
ences. The cephalopharyngeal skeleton and mouth hooks show 
the same specific characteristics as in the earlier stages (figs. 
12 and 18). 


FOURTH STAGE 


derma bovis: 
Egg attached 
to hair. 
Greatly en- 
larged 


The fourth-stage larva of Hypoderma lineatum (fig. 6, d, e, g) is from 13 to 


18 millimeters long and from 3.5 to 6 millimeters wide. 


It tapers consider- 


ably from the fourth, fifth, or sixth segments to the posterior extremity. The 


spinous armature varies greatly with different specimens. 
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Fic. 9.—Hypoderma bovis: First-stage larva. 


I, Lateral view; IJ, ventral view 
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Iif, cephalopharyngeal skeleton with spine and mouth heoks; IV, caudal segment. 
Ph, Skeleton of pharynx; H, mouth hooks; WM, spine; 77, air tubes; P. sp., pos- 


terior spiracles (Carpenter and Hewitt) 


Ventrally segments 2 to 9 are provided fairly con- 
Stantly with a heavy band of spines along the posterior 
border, but it is not uncommon to find specimens in which 
segment 10 is also armed and others with segment 9 
naked. 
ments, ventrally, vary even more, and usually end on 
the eighth or ninth segment. Laterally the armature is 
very irregular and rarely extends behind the sixth seg- 
ment on the ventrolateral or the fourth segment on the 
mediolateral and dorsolateral areas. Dorsally the arma- 
ture is almost entirely wanting. The greater part of the 
anal segment posteriorly is thickly covered with small 
spines surrounding the posterior spiracles, but the tri- 
angular spines are no longer present. The two posterior 
spiracles may be round or very irregular in outline. 
They consist of a group of circular rings or disks. The 
color of the stigmal plate is orange or yellowish brown, 
and the disks are separate or loosely connected in groups 
but always very distinct in individual outline. The num- 
ber of disks varies from 12 to over 30, but usually with 
specimens collected in Texas it is from about 18 to 25 
(fig. 14). 

The fourth-stage larva of H/. bovis is similar to that of 
H, lineatum, but when grown it is slightly larger. The only 
specific distinguishing characters that can be relied upon 
are the posterior stigmal plates. In //. bovis the stigmal 
plates are composed of disks or rings that are dark brown 
or black in color, and usually the whole group is closely 
fused together. The number of disks in H. bovis is 
usually considerably higher than in //. lineatum, running 
from 29 to above 40, with the normal number about 82 


to 37 (fig. 15). 


The spines on the anterior borders of the seg-: 


Fig. 10.- 


Hypoderma 
lineatum: Ventral 
view of first-stage 
larva. A, Mouth 
hooks; B, anterior 
spiracles ; C, cepha- 
lopharyngeal skele- 
ton; F's, flattened 
spines on border of 
posterior spiracles ; 
P. 8p., posterior 
splracles, Da 4 aed 
(Laake) 
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FIFTH STAGE 


The fifth or last larval stage of H. lineatum (fig. 16, a—c) tapers considerably 
toward the anterior extremity from about the eighth segment. The size of the 
larva varies from about 16 to 26 millimeters in length and from 7 to 11 milli- 
meters in width. The surface is more rugged than in the preceding stages, 
especially on the sides. The spinous armature is heavy; and, although varying 
greatly with different specimens on the dorsal and lateral sides, it is constant 


i 
g 


Fic. 11.—Second-stage larva of Hypoderma lineatum in submucous tissues of gullet. 
Enlarged 
ventrally on the posterior borders of segments 2 to 19, inclusive, and presents 
an excellent distinguishing characteristic for this species. The posterior stig- 
mal plates are somewhat kidney shaped, flat, or slightly excavated toward the 
pseudostigmatic orifice, and have radiating furrows which are very distinct in 
the younger specimens (figs. 16, d; 17). 
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The fifth-stage larva of H. bovis is slightly larger, but otherwise very similar 
in shape to that of H. lineatum. The armature arrangement is similar to that 
of H. lineatum, except ventrally, where only segments 2 to 9, inclusive, are 
armed; very rarely a specimen is found with armature on the tenth segment 
and with a single or a few spines on the anterior 
border only. In H. lineatum there is always a 
fairly broad band of spines on the posterior 
border. The posterior 
stigmal plates of H. Q 
bovis are deeply exca- 
vated or funnel shaped 
toward the pseudostig- 
mal orifice. This char- 
acter is very reliable 
for distinguishing the 
species in this stage 
(fig. 18). 


THE PUPARIUM 


The puparium retains 
all the larval charac- 
ters, except that it as- 
sumes a different shape 
and darkens in color 
to almost black. Its 
dorsal side is nearly 
straight and flat, with 
the anterior end plain- 
ly showing the opercu- 
lum (fig. 16, d-f). The 
flat stigmal plates of 
a aide a bee Fic. 13. _Hypoderma bovie: 

: 7 ee unnel-shaped p La es Cephalopharyngeal  skele- 

gr eel ol hr of H. bovis remain the pote eooutl | Neoks of 

and mouth hooks of third) same as in the ma-  gpine: B, anterior end, 

a ad Bye caters ture larva | and serve and @, posterior end, of 

end of mouth hooks; C, tooth. to distinguish the two Chante) hooks. X 125 
Greatly enlarged (Laake) species. 


THE ADULT 


The adult of AH. lineatum (fig. 19) measures from 12 to 13 millimeters in 
length and has a wing expanse of from 23 to 25 millimeters. The female 
with ovipositor fully extended measures 17 millimeters in length. The gen- 
eral color of the adult is black, banded with yellowish and orange hair. The 
shade of the colors varies somewhat with different specimens and also 
changes according to the position and light in which the insect is viewed. 
The front, sides, and back of the head are covered with yellowish-white hairs. 

The thorax is a4 
clothed with 
yellowish hairs 
except dorsal- 
ly, where the 
posterior part 
; of the protho- 
Q rax and the 
mesothorax are * 
Fic. 14.—Hypoderma line- more thinly Mp 
alates Bek “eouettaiage covered with fyo. 15,—Hypoderma bovis: Posterior 
ee ty Greatly en- black and some stigmal plates of fourth-stage larva. 
larged (Laake) yellow hairs. Greatly enlarged (Laake) 
On this area 
there are four distinct longitudinal lines which are nearly naked and shining. 
The basal segments of the abdomen are covered with grayish-yellow hairs, the 
middle segments are brownish black, and the terminal segments are clothed in 
orange-yellow hairs. The femora are black and the tibise and tarsi brown. The 
entire legs are well covered with black and orange-colored hairs. The wings 
are slightly fuscous and the veins are dark brown to black. 
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Fic. 16.—Hypoderma lineatum: a, Fifth-stage larve, newly molted to mature 
(ventral view, except mature larva, which is dorsal) ; b, fifth-stage larva, 
dorsal view; ¢, section of ventral side of mature larva; d, puparium after 
emergence of fly, dorsal view; e, ventral view of pupa; 7, puparium, 
side view 
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The fly of H. bovis (fig. 20) is considerably larger and much stouter than that 
of H. lineatum. This is especially true of the thorax, which is much broader. 
The color is similar to that of H. lineatwm, but the band of yellowish hairs 
across the prothorax dorsally is markedly wider and the shade slightly deeper 
than in H. lineatum. The shiny longitudinal lines of the thorax are obscured 
anteriorly by the hair. The color of the abdominal vestiture is similar to that 
of H. lineatum except on the terminal segments, which have a wider and more 
sharply defined band of lemon yellow, distinctly paler than in A. lineatum. 
The wing veins of H. bovis are of a reddish-brown color. The femora and the 
tibiz are black and well covered with black 
and yellow hairs, and the tarsi are brown 
and much less hairy than in H. lineatwm. 


HOW THE LARV OF HYPODERMA 
LINEATUM GAIN ENTRANCE TO 
THE HOST 


The method of ingress of various s 
animal parasites is often a point of a Se 
considerable economic importance. Fic. 17—Hypoderma lineatum: Pos- 
As hag been indicated in the historical — Peti0" SBA Plates eed (Laas 
sketch, the opinions held by various 
investigators in regard to the way in which Hypoderma larvee enter 
the host have been at wide variance; and even up to the present time 
there are but few who feel certain of the method of ingress of these 
parasites. 

During 1916 plans were laid at the Dallas laboratory to carrry out 
a series of tests to determine accurately the way in which the larve 
enter the host. These tests have been continued along similar 
lines up to date. Since a full knowledge of the habits of oviposition 
of adult H. lineatum has been gained, it is evident that there are 
realiy only two ways in which the larve might get into the host, one 
of these being by direct penetration through the skin and the other 
by being taken in by mouth in the egg or young larval stage. 

The following plan, with shght modification, was carried out in 
all of the tests: Certain animals were placed in fly-proof cages and 
thus protected from all possibility 
of attack by heel flies during the 
season of fly activity. To these 
animals were administered by 
mouth the eggs of newly hatched 
larve. Most of these were ap- 
plied to the tongue or inside of 
the lips of the host, but some were 
placed in capsules and the host 
made to swallow them. Certain 
Fic. 18.—Hypoderma bovis: Posterior of these animals were dissected 

Greatiy enlarcea (Laake) =~ at. & time when the larve should 

be present in the gullets or other 
portions of the carcass commonly infested, to ascertain if possible 
whether any of them escaped from the digestive tract. Others 
were kept and watched the following fall, winter, and early spring 
for the appearance of larvee in the subdermal tissues of the back. 
At the time that these animals were being fed with the larve and 
eggs, others were infested on the legs or elsewhere by allowing 
flies captured in nature or reared in cages to deposit eggs upon 
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them. These hosts were kept securely muzzled throughout the 
season when flies were likely to be about, except for the time that 
they were being fed, 
when they were placed in 
specially constructed 
stanchions which would 
not allow them to lick 
any part of themselves. 
The muzzles used were 
made of heavy wire, ex- 
tending well up the nose 
and covered with closely 
woven ducking, except 
for two small holes above 
the nostrils. 

As will be seen by ref- 
erence to Table I, dur- 
ing 1917 three animals 
(Nos. 164, 169, and 176) 
were infested by allow- 
ing flies to oviposit on 
them. One of these re- 
ceived the eggs on the 
FG. We ee cMGctealieca.. Hypoderma heels and thigh, another 

on the legs, shoulder, and 
neck, and the third on the back. In each of these a considerable num- 
ber (45, 27, and 10, respectively) of grubs came to the subdermal 
tissue and cut holes 
through the skin of the 
back the following fall 
and winter. Another 
animal (No. 174) was 
given, by way of the 
mouth, 386 newly 
hatched larvee and 82 
eges which were about 
ready to hatch. Nine 
of these larvee were ad- 
ministered down the 
throat in a capsule. 
No grubs appeared on 
the back of this animal 
during the fall and 
winter, although it 
was shown that it was 
a favorable host by the 
fact that it had a good 
infestation during the 
previous year. ; 

In 1918 three ani- F!G. ant So Ne Sey rapa eres © of Hypoderma 
mals were used, two of 
these (Nos. 212 and 217) receiving infestations on the heels and one 
(No. 214) by way of the mouth, Both of those having eggs de- 
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posited on the heels developed grubs in the back. One had 45, with 
about an equal number on each side of the backbone, and the other 
had 2 when the animal was disposed of on December 23. Passibly 
other grubs would have come up later. The animals to which the 
young larve were fed was observed throughout the fall and winter 
and no larve whatever came to the back. : 

In 1919 11 animals were used in the tests. Four of these (Nos. 
411, 412, 413, and 415) received eggs on the heels and front feet, 
one near the hips (No. 419), and three on the heels and elsewhere 
(Nos. 409, 410, and 414). Three (Nos. 416, 417, and 418) were 
fed eggs and newly hatched larve. One of those receiving eggs 
on the heels and elsewhere (No. 410) was killed shortly after the 
eges began to hatch in an effort to determine the presence of larve 
in or under the skin. No larve were found but some small holes 
were clearly visible in the skin beneath one group of the eggs, and 
the connective tissue under the eggs was yellowish and edematous, 
just as it appears when the larve are present. On July 9, one 
of those animals which received eggs on the heels, front feet, hock, 
and side of abdomen (No. 409) was killed and examined; 76 larve 
were found along the gullet. One of the animals which received 
eggs on the heels and front feet (No. 411) was killed October 7 
and no larve were found owing, it is believed, to the fact that 
the eggs were infertile. In the case of this animal no irritation 
or lesions indicating penetration were observed, after what should 
have been a normal period of incubation. All of the 112 eggs de- 
posited on this animal were laid by one fly and some of the eggs 
clipped from the host and placed in an incubator failed to develop 
larvee. Of the other three receiving eggs on the heels and front 
feet, all showed moderate infestations of grubs (average of 14.3) 
in the back the following fall and winter. The animal receiving 
the eggs on the hips only (No. 419) developed a total of 13 grubs 
the following winter, and the one having the eggs placed on the 
hock, front feet, and udder (No. 414) developed a total of 20. On 
the other hand, two of the animals (Nos. 417 and 418) which re- 
ceived fertile and well-incubated eggs, as well as healthy larve, 
by way of the mouth, failed to develop a single grub during the 
subsequent fall and winter. The third (No. 416) was killed July 
9, and a careful dissection failed to reveal the presence of a single 
larva in the gullet or elsewhere. 

In the tests begun in the spring of 1920 10 experimental animals 
were employed. Three of these (Nos. 167, 159, and 417) were in- 
fested on the legs, mostly on the hind ones from the hock down; one 
received eggs only on the top of the shoulders; two (Nos. 158 and 22) 
had the eggs placed on the front and rear legs and on the belly 


near the flank; and two (Nos. 160 and 414) received larve and eggs 
by way of the mouth. Two other animals (Nos. 92 and K23) were 
used to test the migratory tendencies of the second-stage larve, which 
were removed from the gullets of slaughtered cattle. These were 


inserted in pockets cut wnder the skin near the hock. 
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Of the three animals receiving the eggs on the legs, one (No. 417) 
was accidentally killed by a train during the late summer and no 
examination could be made. In November, larve first appeared 
under the skin on the backs of the other two cows (Nos. 167 and 159), 
and during the fall and winter one of them had 3 larve to reach 
the back, while the other had 17. With the animal infested on the 
shoulders (No. 163), a single larva appeared on the back during the 
following winter; but it had been observed that many of the eggs 
on this animal were infertile and had failed to hatch. One of the 
two animals with infestations on the lees and belly (No. 158) was also 
killed by a train and not examined, but the other (No. 22) was 
slaughtered and carefully dissected on July 3. A total of 40 second- 
stage larvee were found on the viscera and along the gullet. One 
of the two hosts infested by way of the mouth (No. 414) was dis- 
sected on November 26 and no larve were found in the gullet or 
elsewhere. The other animal (No. 160) was observed carefully and 
repeatedly during the fall and winter and not a single larva came to 
the back. The two animals (Nos. K23 and 92) receiving the second- 
stage larve through incisions cut near the hock showed 9 and 32 
larvee, respectively. These appeared along the backs during the fall 
and winter. : 

During the spring of 1921 two heifers were infested by flies which 
deposited eggs on their hind legs. One of these (No. K23) received 
about 110 eggs on the feet, but apparently none of the 45 eggs 
hatched which were deposited on this animal on March 3. The first 
larva came to the back on October 27, and a total of 64 larve ap- 
peared during the winter. The other heifer (No. 22D) received 
far more eggs on the legs but developed only 8 larvee on the back, 
the first appearing November 9. 

During the season seven bovine hosts were infested by placing, 
in pockets cut under the skin, larve of H. /ineatum removed from 
eullets of slaughtered animals. Two of the hosts (Nos. 92 and 160) 
were infested May 3 with larve (4.5 to 5.5 millimeters in length) 
inserted above the hock. Each developed an infestation in its back 
in the fall. The first larva reached the back October 20 or shortly - 
before. Four cattle were infested with 26 cullet larve per animal 
on August 26; two received them in the right hind leg, one behind 
the ear, and one in the back about 8 inches behind the shoulder and 
3 inches from the spinose processes; this was in order to compare 
the dates of appearance of larvee on the back and the number suc- 
cessfully reaching that region. 

One of the two hosts infested on the leg (No. 159) had larvee 
present on the back on October 17, and at that time the other animal 
(No. 167-1) was killed and dissected. On a post-mortem examina- 
tion 10 larve were recovered, 3 in the subdermal connective tissue 
of the back (but no holes had been cut through the hide), 1 under 
the spleen on the paunch, 1 on the paunch near the esophagus, 
3 in the mesentery of the colon, and 2 in the submucous tissue of the 
gullet. One of the latter was near the paunch end of the gullet and 
measured 13.7 millimeters in length; the other was in the middle 
of the gullet and measured 11.6 millimeters. Both were headed 
toward the paunch. 
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In the case of the cow infested at the base of the ear (No. 25-D) 
the first larva reached the back October 17, and a total of 15 came 
to that region; with the cow infested on the back (No. 167) only 
two appeared (November 8 to 12). On November 16 a bull calf was 
infested in the hind leg by inserting in the skin 14 larve taken from 
the gullet of a slaughtered animal. These larve measured 11 to 
15 millimeters in length and the first appeared on the back November 
30. Nine of the 14 succeeded in coming to the back for normal 
development. 

In the calf (No. 24-D) five first-stage larvee were applied for a 
study of penetration. Although some of these were observed to 
penetrate the skin, none reached the back. 

During 1922 seven cattle were used in the tests. One of these 
(No. 92) was protected from flies, but fed 89 newly hatched larve 
by placing them on the tongue and in the lips. In this animal not 
a single larva reached the back the following fall and winter. Of 
the other six hosts, five were infested on the heels and legs and 
muzzled to prevent ingress of newly hatched larve through the 
mouth. In all of these animals larve reached the back, the number 
per host varying from 1 to 26, despite the fact that two of the ani- 
mals had the legs immersed in insecticides every day. The other 
animal (No. K-23), which received eggs on the back, developed 
nine larve in that region. The date of first appearance of larve 
in the subdermal tissue was not influenced materially by the date 
of infestation or by the point of ingress into the animal. 

On November 14, 1923, 20 larve taken from the gullets of slaugh- 
tered cattle were placed beneath the skin by incision, on each of two 
salves (Nos. 92-1 and 25D-1). The point of introduction was 
about 6 inches above the hock joint on the outside of the right hind 
lee. The larve averaged slightly over 12 millimeters in length. 
On November 19 the older calf (No. 92-1) (1 month old) was dis- 
sected and 15 larve were recovered. Most of these were ranging 
upward in the connective tissue under the skin where there was 
marked infiltration, and one had passed between muscles on the rear 
of the thigh and was apparently following a large nerve, being only 
3 inches from the spinal canal. In the other calf (No. 25D-1) 6 
larve had reached the back and had perforated the skin, 4 on the 
right and 2 on the left side. On December 28 another lot of 16 
larve from gullets were put under the skin of this calf on the left 
hind leg just above the hock. These were from 12 to 16 millimeters 
in length. Immediately preveding January 8, 12 grubs had reached 
the back and had punctured the skin. These were about equally 
distributed on each side of the spine; 7 others reached the back by 
January 22, making a total of 25. On December 28, 29 larvee from 
12 to 16 millimeters in length were introduced in an incision through 
the skin on the right hind leg of a cow, just above the hock. On 
January 7, or shortly before. the first larva appeared behind the 
right hip, and 7 others cut holes through the skin during the period 
up to January 18. One of these was only 7 inches above the point 
of introduction and the last one was on the left side just in front 
of the hip, a distance of about 33 inches from the point of intro- 
duction, 
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On January 4, 1924, 21 larve from 11 to 16 millimeters in length, 
from gullets, were introduced subcutaneously above the hock of 
another cow. On January 8 one larva cut through the skin 514 
inches above the incision. On the following day 5 others punctured 
the skin, one of these being 30 inches above the point of introduc- 
tion. The following day 3 others appeared, 1 of these being near 
the spinal column on the right side about 7 inches behind the shoul- 
der, a distance of 40 inches in a line from the incision. A total of 
14 orubs perforated the skin, all being on the right side. 

It appears from these tests that “when larvee which are ready 
to leave the gullet are introduced subcutaneously they may not 
travel far from the point of introduction before puncturing the 
skin, and that they appear to pass upward under the subdermal con- 
nective tissue without penetrating deeply into the tissues as oc- 
curs when young larve from the gullet are introduced. 

To recapitulate, in the tests carried out at the Dallas laboratory, 
28 animals were infested by allowing flies to oviposit on the legs 
and bodies and were prevented from reaching any part of their 
bodies with tongue or mouth. Of these 28 animals, 2 were acci- 
dentally killed ‘and not examined. In one of those slaughtered 
for dissection no larve were found, but in this case no hatched 
eges were observed on the animal ‘and other evidence indicated 
that none of the eggs placed upon it were viable. One of the other 
animals was killed immediately after the eggs hatched and, al- 
though no larve were found, there were strong indications of the 
penetration of larve through the skin. Two of the other animals 
IaHed showed an abundance of grubs along the gullet and on the 
viscera. Twenty of these animals were kept for observation during 
the fall and winter, and in every one of them grubs came to the 
back during the normal grub season. In all of the 11 cattle which 
were infested by introducing larve from the gullets of slaughtered 

cattle under the skin on the legs, behind the ear, and on the back, 

larvee appeared under the skin at the usual time during the fol- 
lowing fall and winter. Larvee were also recovered in 2 animals 
which were dissected after larve had been introduced under the 
skin in this way. On the other hand, among the 8 animals to 
which larve and eggs were given by mouth, neither of the 2 which 
were carefully dissected showed the presence of larve, and in 
not a single instance among the 6 cattle held for observation did 
a grub appear along the back. 

In 1922 Carpenter, Phibbs, and Slattery (/9) report similar 
results in experiments carried out in Ireland. No grubs were 
recovered in calves to which numerous larve were fed but heavy 
infestations developed in carefully muzzled calves exposed to the 
oviposition of flies. 

The fact that the larvee penetrate through the skin is established 
Py, the following evidence: 

gs are usualiy laid on the hairs comparatively close 
to ae skin, which would favor penetration. They are firmly at- 
tached and the eggshells, after the larve have escaped, remain at- 
tached to the hair. 
2—The eggs are not fitted with an operculum as in the case 
of the horse bots, the ends merely splitting as the larve emerge. 


THE CATTLE GRUBS OR OX WARBLES 4] 


3.—It is not necessary to apply friction to the eggs to cause 
them to hatch, as the larve have been observed in many instances 
by the writers and others to crawl from the shells when their 
development was completed, provided the proper temperature was 
maintained. 

4.—Much skin irritation in areas where eggs have been attached 
to the hairs is in evidence about four days after the eggs have 
been deposited. It has been observed repeatedly that violent stamp- 
ing, kicking, and licking of the affected parts by the host occur 
soon after the hatching “of the eggs begins, and a few days later 
soreness and the formation of scabs due to the exudation and 
hardening of serum are apparent. When these scabs are removed, 
a cluster of hatched eggs is usually 
found attached to the hair in their 
midst. (Fig. 21.) 

- 5.—The actual penetration of a 
number of larve soon after hatch- 
ing has been observed by the 
writers and their associates. This 
process will be described later. 

6.—Stub (95) has been able to 
trace the route pursued by young 
larve from the inside of the right 
tibia over the shoulder and around 
the muscles of the neck to the 
connective tissue of the esoph- 
agus. 
Taking the evidence set forth 
herein and considering the obser- Fic. 21—Scab removed from a_ lesion 


= Sine we! 3 ig ae on a cow, caused by penetration of 
vations of other ny estigators newly-hatched larve of Hypoderma 
whose work entirely corroborates lineatum. Note the three batched eggs 


on the hair 
it, there seems now to be no doubt 


that the normal method of i ingress for the larvee of beth H. lineatum 
and H. bovis is directly through the skin at the point where the eggs 
are attached, and proves that ‘there is comparatively little likelihood 
of mafesiation occurring by means of larve taken in by. the mouth. 
It is desirable to stress at this point the demonstration given, by the 
slaughtering of some of the animals as above outlined, that the larve 
entering cattle through the skin on the lower legs may be found in 
the cullet in considerable numbers during the ‘succeeding months. 
This proves the fallacy of the suggestion frequently mace by investi- 
gators that those larve which are found in the gullet were probably 
taken in by the mouth and that they may per ish and never reach the 
back. It should be noted that the writers have shown herein that 
larve of H. lineatuwm removed in the second instar from the gullets 
of cattle and introduced under the skin of uninfested bovines will not 
only appear under the skin on the backs of the new hosts in the 
proper season, but may and probably usually do pass again into the 
body cavity and even return to the gullet before going “to the back. 


DEVELOPMENT AND HABITS 
NUMBER OF EGGS ON HAIR 


The eggs of 17. lineatum are usually laid in a series of from 5 to 12 
and occasionally as many as 20 may be attached to a single hair. The 
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number depends to some extent upon whether the fly is disturbed 
during the process of oviposition and also upon the length of the 
hair. In the case of H. bovis the eggs are always deposited singly 
on the hair. 

DISTRIBUTION OF EGGS ON HOST 


I, lineatum shows a marked tendency to oviposit on the heels of 
cattle which are standing, the favorite place apparently being the 
short hair overhanging the rear of the hoof and between the hoof 
line and the dewclaws. Many eggs, however, are deposited higher 
on the legs in the region of the hocks and a few above the hock line. 
Some eggs are also deposited on the belly, flanks, and forelegs, and 
occasionally on the sides, shoulders, and neck. In practically all of 
the writers’ observations of depositions on cattle which are not lying 
down, it seems evident that many of the eggs deposited elsewhere 
than on the heels are laid after the fly has been disturbed by the 
actions of the host. Many eggs are also deposited along the es- 
cutcheon, on the outside of the thighs, on the tail, and on the base of 
the udder, and some along the side and on the forelegs in the region 
of the elbow joint. Infestations in these regions are especially com- 
mon among quiet stock, oviposition taking’ place while they are 
lying down. In one instance over 200 fresh eggs were found attached 
to the hair on an area not over 2 inches square just behind the upper 
end cf the scapula. The writers’ observations on flies in nature and 
upon those placed on hosts in captivity indicate that they prefer the 
short, comparatively coarse hairs to the long, dense, silky ones. ~ 

H. bovis also prefers the heel or lower leg for a place of attach- 
ment for its eggs, but since this species frightens the animals much 
more, and since the flies continue to follow the cattle, depositing eggs 
while pursuing the rapidly running animals, a much larger per- 
centage of eggs is deposited higher on the legs, especially in the 
region of the thighs and on the rump. Although a considerable 
number of eggs are laid on other parts of the body, especially along 
the sides, they tend to be concentrated on the hind quarters. 


METHOD OF ATTACHMENT OF EGGS 


As has been indicated under its description, the egg is provided 
with a definite attachment area or clamp. In addition to the place- 
ment of the clamp around the hair, each egg appears to be provided 
with a cement which when dry firmly glues it to the hair. Eggs 
have been observed to remain attached on the host for several weeks, 
sometimes the distal end gradually breaking away so as to leave 
only a portion of the shell. As shedding of the winter coat usually 
takes place about the time the eggs are deposited, many of them 
are pied off and perish before they have had an opportunity to 
hatch. 

The eggs are nearly always attached very close to the skin, and 
this renders them inconspicuous, as they are usually covered by the 
overhanging hair. This is particularly true of H. bovis. 


INCUBATION 


The incubation period of H. lineatum, as observed in many lots 
of eggs kept under varying conditions, was found to range from 
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64 hours to 10 days. It is evident that the period of incubation is 
markedly affected by temperature. With eggs deposited on a host 
this would vary according to their proximity to the skin and the 
insulation from air temperatures by the hair. With normally placed 
eggs the basal ones on the hair are usually very close to the skin, 
but in the case of eggs deposited on fairly long hair the distal ones 
may be half an inch away from the skin. 

Table 2 sets forth a number of observations on the period of 
incubation of eggs of H. lineatwm. Many of the records are only 
approximate, the time of hatching having been determined largely 
by the irritation of the host produced by penetration of the larve. 
Jt will be observed that in one instance irritation was evident approxi- 
mately 234 days from the time the eggs were deposited on the legs 
of a calf. This incubation period was almost exactly the same as 
that observed on a portion of the same batch of eggs placed in. an 
incubator at approximately 98° F. The writers’ observations indi- 
cate that the usual incubation period on the host is from 3 to 6 
days, probably most of the eggs hatching toward the end of the 
third day and early in the fourth. 


TABLE 2.—/ncubation of eggs of Hypoderma lineatum in situ and in incubator 
at Dallas, Tex. 


Num- me Air temperature 
Deposited on Place and method Date of hatching bation | 
S period |Maxi-/Mini-) 
©B8S mum mum Mean 
1917 1917 Days |° F.| ° F. | ° F 
Wena pop. m-=-|; 100) Calf’sleg._.--.-.-..--- Warsi 282322 ohn ere 4— | 84 30 65. 6 
Mar. 8,430 p: m-_--|' 20 |----- (6 (Ghee re ee a OMe os) asad Deena 3— | 84 30 63.4 
(Gta IE Oe ees a 175 | Incubator Mar. 15-18_| Mar. 17 to 18__---------- 3+ | 87 85 86 
Wir aaa ees! LON eases Ose e nese t nese Bea re DG i es res 2+ | 87 85 86 
1918 1918 
Whar 1622p 3. 1(3{0)e eens (6 (0M 22 See | eee Mar. 18, a. m. to p. m_-_- 2+ | 97 96 96. 5 
Ware 25, pate. 2| 20: |.2-2- OC ee ee eee Maronite eeeees sae 234-++ | 99 97 98 
1919 1919 
Wit a en Bon @alusieree. 22-2225, Marielle eee ee ae eee 6= || 775 1) 3%. 5 | 6025 
Mar. 10, 5 p. m_-_-_- nyt Calfis belly e Lies ++.) = SG Ore: CEE eee es 6= | 77.5 | 37. 5) 1 60.5 
WUT rel 28 40 | Vest pocket and in- | Mar. 22 to 24_________-__ 10+ | 81 37.5 | 62:7 
cubator. 
Mar 1435. 22928 __ 40 |____. (a2). Ba Uae eee Mianaggs etwas. Sees 8+ | 81 40.5] 63.8 
iit Lian oy ahr 60 | Cow’slegs and body-_-| Mar. 201____-__._-_-__-- 4— | 79 40.5] 61 
Mar. 19, 5 p. m_---- 100) |) Incubator === -------- Mar. 22, 2.30 p. m., to| 3t04 | 90 90 90 
_ Mar. 23, 11 a. m. 
Pore OF uealt’stbelly: ---~2 2._...| Misragzee eee 3 81 40.5 | 63.2 
1D ee ree SOA CEES AS eee ae s4|, Mira ipaamepee = =e 3— | 81 40.5 | 63.2 
iar 20; tp. 102... 3} On calf and in incu- | Mari 24eee eee saeeee enna 4— | 90 90 90 
bator. 
Mar Ol ulaeae---| 231 | Incubator._.---.------ Mar. 23,7 p.m. to Mar. | 2-38+ | 90 90 90 
24, a. m. 
Mar. 27, 2.30 p.m..| 260 |----- loses ee es Fe Mar. 30, 6 p. m. to 10 3+ | 90 90 90 
p. m. 
Mar. 27, p. m_.-_-_-- 7 \sCow’s body_-----=--:-| Mario], pumas o22= ee: 4— | 93 35.5 | 60.3 
Ui Sas ee 7 | Calf’sleg.._..--- Marl eer ee see e 4— | 93 35.5 | 60.3 
1920 | 1920 
Mar. 6,4p. m-__---- 80 | Calf’s heel and belly. | Mar. 9, 5p. m.t___-____. 3— 155 | 20.5 |) 38 
1) ee ee 200 | Calf at hock | Mar. 9, p. ms12. et : 8— | 55 20.5 | 38 
Mar. 10, 5 p. m-_---- 52 | Calf’s shoulder- ma LB, ce m.,! one-half | 434— | 76 36 61. 1 
latched, 
Mar. 12, 5 p. m-_---- 200 | Calf’s heels... -- Mari 6 Voenceseundaguns 4— | 76 36 61 
Mar. 18, 5 p. m_-__-- 100 | Calf’s shoulder | Mar. 22, a. m.!__......._| 334— | 81.5 | 42 63. 4 
Mar. 22,5 p. m-_-.-- 250 | Calf... | Mar. 262 - eewaa- sabe 4— | 80 46 61.7 
Mar. 28, 5p. m....- 95 | Calf’s legs and belly Mar. 31, 6.30 p. m., to 3-3. 5 | 90 40 63. 7 
| Apr. 1, 3.15 a, m. 


1 Hatching determined by the kicking and rubbing of host, some checked by actual examination, 
2 Collected from animals infested under natural conditions. Exact time of deposition unknown, 
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TABLE 2.—Jneubation of eggs of Hypoderma linedium in situ and in inewbator 
at Dallas, Terz.—Continued 


| ; Air temperature 


Num- Incu- 
Deposited per Place and method Date of hatching Bes ~ 
; perio axi-| Mini- 
eggs mum | mum | ean 
1921 1921 DOYS | OReeeCore Neo SH 
Mar. 15, 11.30 a.m__}| 70 | Incubator_2__________- Mar. 18, 9 a.m to p.m_-_ 3— | 98 98 98 
TD Yo ia ls ace 55 ul@alisnecteenas = ss Mar. 18,9 a. m.1________ 3— | 87 63.5 | 74.6 
Mar. 16, 5 p. m_____ ANUELC@altislegs Sees rag War Osa.1s et eee 234— | 87 63.5 | 74.5 
WO se ee 16: plneMbs One eee Mar. 19,9a.m.to12m_| 234— | 98 98 98 
1922 1922 
Wirt saAel pam sli9 loaminet papon eee Mar. 18, 1 to 2p. m____- 3— | 90 90 90 
sce 16; 2.30 to 2.45 Abr ee eee dos Ae Set te Mar. 19, 10 a. m. to 4.40 3 90 90 90 
; p. m. 
Mar.” 20, 12.50 to 85 | Cow’s heels____-_-___- Mar. 24, 10.30 a. m______ 4— | 84 36 64.8 
p. m. 
ID ORs senor 728 VGAYCTDN OH KO) ps a Mar. 23, a.m. te p. m___| 3 90 90 90 
Be pal 3.13 to 3.15 BOK sce Gots ait bed Mar. 18, 11 a. m. to 1 3— | $0 90 90 
poi 
Mar. 2 28, 3.15 to 3.30 TDN atone dorsais ste 22s Mar. 31, 8 a. m. (before) 214 | 90 90 90 
p. m. to 8.15 a. m. | 


1 Hatching de‘ermined by the kicking and rubbing of host, some checked by actual examination. 


Glaser (29), without making it clear whether he is dealing with 
H. bovis or H. lineatum, states that he has observed the incubation 
period of eggs clipped from the host to be 12 days. He also says 
that on living animals development is completed in less than 3 full 
days. Hadwen (36), basing his statements-on observations in 
Canada, states that the eggs when removed from the host hatch 
in about 7 days, the shortest period being from 4 to 5 days, but 

apparently he made no observations on the incubation of eggs on 
the host. 

The writers have made few exact observations on the incubation 
period of H. bovis. At Middletown, N. Y., 2 out of a lot of 6 
eggs deposited on a calf June 8 at 5.30 p. m. had hatched on June 
11 at 12.15 p. m., a period of approximately 3 days. ‘These were 
left on the host. In one instance in which eggs were sent by mail 
from a northern State to the Dallas laboratory and placed in an 
incubator they hatched in less than 7 days after collection. Car- 
penter (7) observed eggs attached to a host to be hatched in 
slightly less than 4 days. 

The writers, in their work with reared flies, have obtained a 
considerable number of eggs from females which were not as- 
sociated with males, and in none of the cases was there any hatch- 
ing, indicating that parthenogenesis does not occur in this species. 
The percentage of viable eggs deposited by fertilized females 
seems to vary considerably. In some instances a hatch of almost 
100 per cent has been observed, whereas in other cases the examina- 
tion of a series of eggs showed a hatch of less than 50 :per cent. 
It seems certain that the percentage of the hatch is higher when 
the eggs are deposited and allowed to remain on a host than when 
they are removed and placed in an incubator, although in a few in- 
stances a hatch of above 90 per cent was obtained among eggs 
- kept in an incubator. 

In general it appears that the eggs attached lowest on a hair 
hatch SHEtTy earlier than those toward the distal end. When this 
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occurs it is probably due to the fact that the lower eggs, being 
closer to the skin, are kept at a slightly higher temperature. 

Several hours before hatching, the segmentation and rows of 
spines are distinctly discernible through the shell. The larva be- 
comes active shortly before hatching and can be observed through 
the eggshell pressing the mouth parts forward against the end of 
the egg. Finally the suture across the end of the egg is ruptured 
and the larva crawls out rather rapidly. 


LARVAL ACTION AFTER HATCHING 


The larva of H. lineatum after hatching usually crawls directly 
down the hair which bears the egg and after feeling about with the 
mouth parts begins to burrow directly into the skin at the base of 
the hair. The body is usually more or less extended along the hair, 
and during the initial efforts there is considerable twisting, expan- 
sion, and contraction. After the first few segments have been 
worked into the skin the larva becomes more quiet. The burrow- 
ing is slow but usually rather steady in case of vigorous specimens. 
Progress is retarded as the middle body segments reach the surface 
of the skin, and usually it is shghtly accelerated when the larva 
has become almost completely imbedded. The time occupied for 
a larva to disappear after it has begun burrowing has been ob- 
served to be about one and one-half hours and sometimes consider- 
ably longer. 

In nature it appears that several larve frequently enter the host 
through the same hole, and this no doubt greatly facilitates the pene- 
tration after the first larva has gained entrance, 

Considerable difficulty was experienced in watching the penetra- 
tion of the larve into the skin, mainly owing to the difficulty of 
holding a host quiet for considerable periods of time but also to the 
fact that the larve, on account of their small size and delicate struc- 
ture, are very easily lost sight of. Most of the writers’ observations 
on penetration were made with freshly hatched larve taken from an 
incubator. Even with the most careful handling there was a high 
mortality, apparently much greater than when the eggs are attached 
to the host in the natural way. It was observed repeatedly that 
larve removed from an incubator and placed on hair would wander 
about for a time before attempting to burrow and in so doing it 
seemed that they became more sensitive to drying, probably through 
the rubbing off of the gelatinous material with which their bodies 
are covered when they first emerge from the egg. Many larve put 
on hosts in this manner began burrowing, but perished during the 
process. In making observations a calf was usually placed on a 
table and firmly held or even strapped down so that the actions of 
the larve could be followed under hand lenses or binoculars. Where 
the hair had been clipped closely, early tests with the penetration 
of larve through the skin were unsuccessful, and all subsequent 


observations on penetration were made on hair one-fourth inch long 
or longer. In order to reduce the chances of escape without detection, 
it was the usual practice to clip closely or shave a narrow area around 
a tuft of hair and to place the larve upon this tuft. 
Several attempts were made to observe the penetration of larvee 


on the hands or arms of man. Usually the larve were watched 
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for periods of from 10 to 30 minutes, but they were not allowed. 
to remain indefinitely. Although some of the larve made slight 
attempts to penetrate into hair follicles, in no case did they 
succeed in making much progress. In one instance a number of 
larvee were placed on the conjunctiva of the eye of a rabbit. They 
moved about actively for some time and could be seen for an hour 
or more in the conjunctival region, but apparently they made no 
cee to penetrate, and produced only a very slight irritation to 
the eye. 

The writers have made no observations on the penetration of larve 
of H. bovis, but have frequently observed the lesions produced by the 
burrowing of this species. 

In 1914 (77) Carpenter, Hewitt, and Reddin recorded observations 
on the penetration of H/. lineatwm through the skin of cattle at 
points where eggs were attached. In addition to finding lesions at 
those points they succeeded in squeezing from the penetration holes 
along with serum a newly hatched maggot of this species. In the 
same publication the authors record observations on the penetration 
of first-stage larve of H. bovis, stating that it required about six 
hours for them to get into the skin. Prior to this Glaser (29) had 
failed in attempts to get the voung larvee to penetrate through the 
shaven skin, but in one case previously mentioned the larve pene- 
trated through the skin on his own lege. The time occupied from the 
detection of the presence of the larva until it had disappeared was 
one and three-fourths hours. 

In 1916 (33) Hadwen published a number of cbservations on the 
action of larve, both on living hosts and on pieces of skin freshly 
cut from cattle. He failed to observe the penetration of larve on 
living animals, but in a number of tests cn hide removed from a 
bovine he observed larve to burrow partially, and in a few cases 
completely out of sight. 


LESIONS PRODUCED BY THE PENETRATION OF FIRST-STAGE LARV4 


The presence of exudate and pimples on cattle immediately under 
the eggs of Hypoderma from which the larve had emerged was 
first recorded by Carpenter, Hewitt, and Reddin in 1914 (17). 
Hadwen (33) has rather fully described the skin lesions of. the 
two species of Hypoderma. He proposes the name “ hypodermal 
rash” for the condition resulting from larval penetration. 

When the newly hatched larvee have burrowed into the skin and 
when their posterior segments are about flush with the skin sur- 
face there begins to appear a watery secretion, presumably blood 
serum. After the larva disappears this exudate increases in quan- 
tity and several hours later small pimples form which in some 
instances, at least, have been found to contain pus. In the case 
of H. lineatum where a number of larvee often penetrate near one 
another, the inflammation and exudate become more marked and 
often the hair is matted, making a scab. With lineatwm this irrita- 
tion is often very marked, the entire area near where the penetra- 
tion occurs becomes swollen, and in certain instances where a large 
number of larve have penetrated the heels of a calf the hind leg 
from the hock down has been observed to be swollen. These swol- 
jen areas are more apparent when large numbers of eggs are de- 


THE CATTLE GRUBS OR OX WARBLES 47 


posited along the back of the thighs, on the escutcheon (fig. 22), 
or on the base of the udder. A number of instances have been 
observed where the soreness and swelling extended down the rear 
quarters to the udder and the tenderness made milking difficult. 

Beneath the skin these swellings are similar in appearance to 
the “licked-beef ” condition ordinarily found along the back when 
the last-stage larve reach that region. The connective tissue around 
the point of penetration is edematous, tinged with yellow, and some- 
times slightly bloody. 

The scabs become dry within a few days and can be removed. 
Usually a small quantity of hair comes off with them and a num- 
ber of pits are left in the skin indicating the points where the 
larve have penetrated. If the scabs are not removed artifically 
they disappear in the course of a week or two. Animals slaughtered 
during the period of larval penetration have the hides more or less 
damaged at points where 
the larve penetrate, and 
slight infiltrated areas are 
visible on the carcass. 

As has been stated by 
other writers, these lesions 
may serve as portals 
through which disease or- 
ganisms, such as anthrax 
or tuberculosis, may enter. 

The actions of the ani- 
mails at the time the larve 
penetrate have been men- 
tioned in a general way. 
The first inclination of an 
animal, after penetration 
on the heel begins, is to 
shake the foot. This is |= a 
usually followed by licking Fic. 22.—Lesions on escutcheon of cow, caused by 
(fig. 93), which is often pene ae of newly-hatched larve of Hypoderma 
very vigorous and _ pro- 
longed, and animals have been observed to continue it for two 
minutes without stopping. When the individuals are not allowed to 
lick the heels they usually twist, squirm, kick, and stamp, thus 
showing marked pain or irritation. 


OCCURRENCE IN THE GULLET AND BODY CAVITY 


On account of the minute size and translucent appearance, it is not 
surprising that various investigators have been unable to observe 
the course followed by the first-stage larvee after penetration of the 
skin. Stub (95), working in Copenhagen, has given us the only 
definite record. In a post-mortem he observed an infiltrated area 
in the superficial connective tissue on the inside of the right tibia, 
and succeeded in following the track over the shoulder, around the 
muscles of the neck to the tissue on the esophagus, where it enters 
the thoracic cavity. Here he found a number of larvee in close 
proximity and measuring 1 to 2 millimeters in length. Hadwen (40) 
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has observed the tracks of the larve up the tendons to the knees or, 
hocks in the elbow and patellar regions and in some cases farther 
up the legs; no larvee, however, were recovered in these regions. 
For many years it has been known that larve of the genus Hypo- 
derma are found in considerable numbers in the connective tissue 
between the mucous lining and the muscular coat of the gullets of 
cattle. Since one of the writers (57) has found a method of deter- 
mining accurately the species of the larve in any stage of their 
development, numerous collections of specimens have been examined 
from the gullets of cattle in regions where H. bovis occurs plenti- 
fully, and only one specimen of that species has been found. These 
observations involved the examination of 1,140 larve removed from 
the gullets of 563 cattle, and during every month of the year when 
they were found to be present in that part of the host. It is safe 
to conclude from these observations that the larvee of this species 
do not have the habit of going to the gullet and spending some time 


Fic. 23.—Cow licking heel where larve of Hypoderma lineatum are penetrating 


there as occurs with H. lineatum. 'The single larva of H. bovis 
found in a gullet was taken at Chester, N. Y., on December 19, 1922. 
It was 10 millimeters long and was found lying loose on the tissue 
at about one-fourth the length of the gullet from the pharynx. 

Since it appears that H. bovds does not frequent the gullet it ma 
be taken for granted that all, or practically all, of the published 
statements of the occurrence of Hypoderma in the gullet appertain 
to H. lineatum, and the following discussion relates to that species 
only: 

The principal data appertaining to the occurrence of the larve 
in the gullets are given in Tables 3 and 4. It will be observed that 
there is a gradual increase in the average size of the larve from 
their first appearance to their migration from the gullet. The range 
in sizes 1s observed by the writers to be from 1.5 to 16.9 millimeters. 
Among the larve found in the gullet only a small percentage are 
in the third stage, the others being in the second. Hadwen (40) 
reports finding in the submucosa of the gullet of a heifer a larva 
at least 2 millimeters long which he considered in the first stage. 
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TABLE 3.—Numoer, size, and direction of travel of larve of Hypoderma lineatum 
in each of 10 divisions of gullets of cattle examined during each month at 
Dallas, Tex. 


Spee 
Q 
a rele osls | Sua ele as 
So SES leet |e! Ni ESEN Mec SEN IS  fey 
Sales Ese SB | eS | Se Evie 
2 | easel sched co monn eye Shi 
Number of larye headed toward pharynx and 
paunch in each of 10 divisions of the gullet 
from pharynx to paunch: 
First— 
Oi eZee 1 10; 10) 14 He OW Os ele’ 
0 3 0 1 4 6 16 4 4 il 0 39 
Oh Gi al tay aM Taal aI OO aire 
1 2 1 0 5 13 15 7 6 1 0 51 
1 I 0 0 8 26 14 13 8 0 0 71 
0 2 0 2 13 21 27 14 16 2 0 97 
a| i} @| ol di 35]. 93 da) gol il ol 115 
0 2 iL 1 4, 22 30 12| 16 4 | 92 
0 2 2 0 15 29 30 21} 30 1 0} 130 
0 0 0 5 8 75) 35 16} 25 3 0} 117 
0 8 5 3 15 36 41 19} 22 2 QO} 151 
il 4 3 3 16) 31 41 20! 16 7 QO} 142 
1 4 9 1 24 42| 39 PRA 245) 4 Oeil: 
0 9 5 4 14 49 34 10); 21 5 1} 152 
1} 16 i 6 33 60} 32 2122) 2 0} 200 
3] 21 a 3 31 49 50 12) 24 6 0} 206 
3 8} 10 4 26 70 41 WA) BX 1 0} 202 
lez, 8 2 32 65 52 20) 31 3 0) 226 
2 2 6 2 26 43 43 9) 18 3) QO) 154 
2 3 2 17 48 37 WA NG) 1 Q; 141 
Total number of larve headed to- 
ward— 
LEVEE (a See ee A 10; 50) 40) 18) 179) 367) 295; 152) 183} 14 0\1, 308 
ESV TSTS ees |e en ee 8| 59} 28) 23) 144) 329] 337) 126) 175) 33 11, 263 
Grand POvA ye ek IN. ee Sk 18) 109) 68} 41} 323) €96) 6382) 278) 358} 47 1/2, 571 
ae cse a Sua plete| 
Length of larve (millimeters): 
Mlrmeriviedes eet ee eI le 2. 6} 1.5) 3.4) () | 3.6] 3.8] 6.0] 6.0) 8.0} 9. 6/12. O}____- 
SST SS 4,9) 6.9) 5. 2)____| 12. 4) 14.0} 15. 5) 15. 9/16. 9/15. 8/12. 0)_____ 
snl ETERS, eS SE a 3. 98] 3,7] 4.41____| 6.7] 7.4] 10,3] 11. 9]12. 9/13. 4/12. O)_____ 
Number of gullets examined__________________- 33} 119] 21 8 30 60 29 22 46 182) 146} 697 
Average number of larve per gullet _-______--__ 0. 55,0. 92 3. 24 5. 13 


10. 77)11. Ati aya 64)7. 78)0. 26/0. 01} 3. 69 
| 


1 Larve not measured. 


By reference to Table 3 it will be seen that throughout the season 
the majority of the larve occurred in the paunch half (last five 
divisions) of the gullet, the percentage of the total number in this 
half being 67.87. It was hoped that some indication of the place 
of entrance into and exit from the gullet might be given by a study 
of the postion and direction of travel of the larvee during different 
seasons but one can draw no definite conclusions from an analysis 
of the figures. During the first five months the number of larve 
heading toward the pharynx was greater than the number _head- 
ing toward the paunch. ‘This, together with the fact that 76 per 
cent of the larvee present during the first 5 months of infestation 
were in the lower half of the gullet clearly indicates that the lary 
do not enter the gullet at the pharynx end, The evidence, however, 
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is not clear that the larve enter or leave the gullet tissue at the 
paunch end. It is possible that some of them reach the connective 
tissue by penetrating the muscle along the sides of the gullet. The 
writers’ observations indicate that there is considerable variation 
in the size of the larve at the time they reach the gullet, and that 
the larve continue to reach the gullet over a much longer period 
than is covered by the entrance of the larve into the host. 


TABLE 4.—Number, size, and direction of travel of larve of Hypoderma lineatum 
in each of 10 divisions of gullets of cattle examined during each month in 
New York State. 


Bio) S12 ales 
2 > 
eie|2/8 a) Slog 
Month Pale || se) 2) feces eB S18 | eS aleuiae rs 
S(s1S/B)/ Ss eolelsi| es] Sai sic 
SS | St i IS) zy WS Sth ie =ai/a\e & 
Number of larve headed toward pharynx | 
and paunch in each of 10 divisions of 
the gullet from pharynx to paunch: | 
ITSt sph anya ee ee ee Oo} 60) 66) C0 2) Ol 2\e ad 1 0; 60} 60}: 18 
Birstspauncher se seas aes ae ert 2 Oe Oy oye al (0) ee) ef 0 (0) 0) fe 0) 
Second pharynx____-_---_------_- Qi OF ay Qi (OleOle aac 3 oO} 60} )«60"} 16 
Second paunch--_--_--_---------- 0} oO; 5} O Wy al 2 1} Oo} O} 11 
‘hhind pharynxe eee Oi Ohi ahi = al 6| oO; Oo] 2 3 0} 6 6Of) 60} «15 
ahind palin ches es OF Oh 4) 1 3} OF; 1 O 0 (0) eee) 0) 
Fourth pharynx______________ HH, Wp Bl es (il ees Oe ae eee. 4 OleOle Ol 27 
Fourth paunch_______-_--___- 0} 60; 64))0CO2 a. Oe Al 8 6 (0) ee 0) 0) a) 
IDMigerfopoe inh ae ee aa = Oe Oe alls iss al ZAle oe 1l| 8 2 1} O| O| 33 
‘Mifthapaunch= as s= sea ee 0} 60} «638; «66}sSsd14)____| 3) 4 5 (0) 
SURG HG har yaar es meres eyes 0 1 0; 66 Als OS ie og if 2} OO} 0} 40 
Sixthypatmnch seas sue salen ue eRe i Oe ab ale ee Oy Ag 8 2) O| O| 60 
SAG Sol MBIA hes = SS ee 0; oO; 8) 14 18) Ol 215 12 9 2} O| 0} 65 
SOG jor ibtr Ons 8 Se | ee O lee ie lege 22 | eres |e 8 3} 0} 0} 54 
IDTAR oA yes se cose ek Oo} 60} «616; +11) ~«#3419) O| 2 17 5 1} oO} O} 7I1 
Behe Panic he sss eee ae eee QO} 0 eee ST Ole) Ol aas|euen9) 6 21 O| O| 76 
Non thyp bar yikes oe one eee as 5.0) Vie a4) 9522) 20) Olen 14 1} O|] O| 87 
Nia thn atin Che ee ee Oa a es Ze OU wey il 2} oO} 0} 104 
Menth phar yas sn aes ee QO} 2| 14; 7 «23 O| oO} 19 7 1} oO} 0} 7 
*Rentaspatnch se ie seen ee eee ean Oo} i 14 5 «646) OF Ly 25 9 1; O} 0; 102 
Total number of larve headed toward— : : 
HEAT Wb. ¢ Sie Ts WP Bt SE IONS each Cente a 0 4| 70} 61) 133) _0; 13) 91 55 13 0 C| 440- 
(Paunch= shes a pe Bieee Sa ae a 0 3} 84) 42) 203 0} 17) 71 55 11 0 0| 486 
Doub this sss Ser os se see a yop 0 0 7 1 0 1| 3 2 8 3 QO} O| 25 
GQrandstotale- ss peta ee ase 0 7| 161 104| 336 1} 23) 164) 118 27 0 0} 951 
Length of larvee (millimeters) : 
ATU ee ee ee 3. 5} 3.0) 3.0) 4.0) 5.0] 7.3) 6.5) 8.7) 10. 0)----}2___|___- 
SVE ATT nee tr reece ea |____| 4.0] 6.0] 7.3! 8.0} 5. 0/11. 1/14. 7] 14.9] 15. 6)--__|____|___- 
BACV CTE, bce ce tee Maa ite a eres apa) = Sa ES |____|3. 82,4. 62.5. 52) 6. 08] 5. 5/8. 69/9. 97/12. 13/13. 65)_~__]|____|___- 
Number of gullets examined________________ 15} 61] 68] 28} 25) 15) 21) 27) 72) 88] 5!=15) 440 
Average number of larve per gullet_________ 0} . 11)2. 37,3. 71\13. 44] . 07)1. 57/6. 07} 1.64) .31) 0 ve 16 


Table 4 presents some of the data obtained during the examina- 
tion of gullets in several localities in New York. Most of them 
were taken from cattle kept in the vicinity of Ithaca, Chester, 
Albany, and Buffalo. The combining of the records obtained in 
several different iocalities makes the figures more irregular than 
those obtained at Dallas. The figures show that about 77 per cent 
of the larva: were found in the posterior half of the gullet. It will 
be noted that there is considerable irregularity in the average 
number of larve per gullet, there being a marked decline in the 
number in November and December, where it seems almost cer- 
tain from analogy that the maximum should have occurred. The 
low average in these two months can be explained by the fact that 
the gullets were taken from a very few lots and were probably 
from a very small number of herds of cattle. It is well known 
that the extent of infestation varies in different herds, 
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The occurrence of larve, varying considerably in size, on the 
surface of various abdominal organs has been noted by a number 
of investigators. For instance, Koch (53) records having found 
larve on the pleural side of the gullet as well as under the mucous 
coats; on the surface of the spleen; some on the paunch and one 
between the muscular and mucous layers of it; a few among the 
intestines; and some in the connective tissue of the thoracic cavity 
just below the vertebral column. Horne (45) has on several oc- 
easions observed several larve in the connective tissue around the 
kidneys, and Hadwen and Fulton (40) have observed several 
larve on the pericardium. Berg (3) has found larve in the con- 
nective tissue between the small loin muscles and the muscle of 
the hip, and Koch (453) has observed a single larva in the inter- 
muscular tissue of the back. Many writers have recorded the 
finding of larve, sometimes in considerable numbers, in the spinal 
column throughout the greater portion of its length and also pass- 
ing through the posterior foramina. Hadwen and Bruce (38) 
state that larve observed by them in the spinal canal were found 
in the areolar tissue which surrounds the dura mater. Their 
presence was accompanied by evidences of green pigmentation and 
gelatinous infiltration at different points along the cord. 

In the writers’ own work they have encountered larve in nearly 
all of the locations where they have been reported by others. It 1s 
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Fic. 24—Hypoderma lineatum: Diagram showing position, direction of travel, and 
length of larve in millimeters in gullet of calf (No. 22) 


not at all uncommon for the larve to be present just under the 
pleura along the esophagus. The larve found in that region were 
practically of the same size as those in the submucous connective 
tissue of the gullet. Wide distribution of the larvee within the ab- 
dominal cavity has been noted in the case of the experimental ani- 
mals infested at one definite period, indicating that there is a general 
scattering of the larve of the same age. On account of the interest- 
ing distribution of the larve observed in experimental calf No. 22 
the location of the larve will be briefly summarized. This animal 
had about 300 eggs deposited upon it by flies on March 22 and 28. 
Most of these-were laid in the region of the dewclaws on the hind 
legs. On July 3 the animal was killed and carefully dissected. In 
the connective tissue beneath the mucous lining of the gullet 17 
larvee were found. One of these was crushed and its position not 
noted. The position of these larve in the gullet and direction they 
were headed are shown in Figure 24. Their size ranged from 3.6 
to 6 millimeters in length, the average being 5.3 millimeters. On 
the paunch 12 larve were found. Six of these were almost immedi- 
ately under the spleen, but none were attached to that organ when it 
was peeled off. The other six were scattered over the rumen at 
widely varying distances from the gullet entrance. These ranged in 
size from 5.8 to 8 millimeters, with an average of 6.8 millimeters. 
Some of these had the anterior end pointing toward the gullet en- 
trance, others were pointing directly away from it, and others were 
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pointing in various directions. Some of those closest to the gullet 
entrance were headed toward it. A number were along the line 
of attachment of the first and second stomachs. On the surface 
of the second stomach a single larva, 7 millimeters long, was found. 
On the surface of the colon, about 15 inches from the anus, one larva, 
7 millimeters long, was taken headed forward. Seven larve were 
taken in various places in the mesentery of the small intestines. Six 
of these were 7 millimeters and the other 6.8 millimeters long. One 
larva, 6.1 millimeters long, was found on the surface of the sixth 
rib, just under the pleura, about half way between the sternum and 
the vertebra. This larva was headed ventrally and was rather 
slender. One larva, 6 millimeters long, was found free on the basal 
portion of the twelfth rib after the muscular tissue had been stripped 
off. A careful examination of the other internal organs, diaphragm, 
muscular tissues of the back, and muscles of the legs was made with- 
out finding any indication of the presence of larvee. 

It is noteworthy that the larve in the gullet averaged smaller 
than those in the paunch or elsewhere in the abdomen. This of itself 
might suggest that the older larve were passing backward from the 
eullet to the paunch or elsewhere. When consideration is given to 
the fact that larve much larger than these are found in considerable 
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Fie. 25.—Hypoderma lineatum: Diagram showing position and direction of travel 
of larve in gullet of calf (No. 409) : A, pleural side; B, mucous side 


numbers in the gullet during the latter part of summer and through- 
out the fall, however, the drawing of such a conclusion is hardly 
justified. 

Another experimental calf (No. 409, fig. 25) which was infested 
with about 268 eggs on the abdomen and hind legs on March 10 
and 16 was slaughtered on July 9. A cursory examination of the 
viscera, walls of the diaphragm, chest, and abdominal cavities failed 
to reveal any larve. On the gullet, however, in the submucous 
tissue 60 larve were found and on the muscle side of the gullet 16 
larvee were taken in the stroma beneath the pleura. These larvee 
ranged in length from 5 to 5.6 millimeters, but only a few were 
carefully measured. The length of those on the pleural side of the 
gullet was practically the same as those on the mucous side. Of those 
in the submucous tissue 17 were pointing toward the stomach, 40 
toward the pharynx, and 2 were not noted. On the pleural side 9 
were pointed toward the stomach and 7 toward the pharynx. The 
diagram (fig. 25) shows the distribution and the direction of point- 
ing of these larvee. 

The exact course followed by the larve in passing from the body 
cavities to the back has not been determined with accuracy, though 
the presence of larvee followed by greenish and gelatinous streaks 
indicates the lines of migration and the probable routes. The find- 
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ing of Jarve along the ribs, on the diaphragm, and in the neural 
canal indicates that they pass from the gullet across the diaphragm 
to the ventral ends of the ribs and thence follow the connective 
tissue beneath the pleura up to the back. Some probably work their 
way between the muscles and pass directly up the diaphragm from 
the gullet to the back. A number of these no doubt gain entrance to 
the neural canal, later pass out through the posterior foramen, and 
then go up to the connective tissue beneath the skin along the back. 
Both of these routes are probably followed in migrating from the 
gullet to the back. 

The writers’ observations indicate that the migration from the 
gullet to the back is rather rapid. The first larve begin to appear 
in the subdermal tissues of the back very soon after the maximum 
size has been reached in the gullet. As soon as the number of larvee 
are observed to decrease in the gullet they are observed to appear 
on the back, with practically no increased growth. 

Unfortunately it has not been possible carefully to dissect ani- 
mals infested only with H. bovis so as to determine just where the 
larvee occur from the time they enter the host until they appear 
on the back. In New York, where both species are present, the neu- 
ral canals of 140 slaughtered animals were examined and all the 
larve found were 7. bovis. Thirty specimens were located, with 
a maximum of four in one canal. Larve were found in this situa- 
tion during the months of October to March inclusive. The size 
ranged from 6.5 to 14 millimeters, the larger ones being found later 
in the season. 

At Dallas, Tex., where 77. lineatum only occurs, about 75 beeves 
were examined rather carefully as they were dressed. Only one 
Hypoderma larva was found in the neural canal, a third-stage speci- 
men located in the central portion of the second lumbar vertebra 
and measuring 14 millimeters in length. 

This observation indicates that the larve of H. bovis enter the 
neural canals of cattle more frequently than do those of @. lineatum. 
It seems unlikely, also, that all larvee found in this situation are 
en route directly to the back, as the larve found during October 
were only from 6.5 to 9 millimeters long, and never have such small 
laryee been encountered in the subdermal tissues of the back. Fur- 
thermore, the larve did not begin to appear under the skin of the 
backs of cattle in that locality for over three months after these 
larve were taken in the neural canals. 


PREPARATION FOR THE EGRESS OF FULLY DEVELOPED LARVA: 


The appearance of third-stage larvee under the skin on the back 
is frequently accompanied by considerable local inflammation, in- 
dicated by edema of the connective tissue and sometimes marked 
swellings and soreness. | 

Certain cattle are more prone to such manifestations and show 
swellings as large as 10 inches in diameter around each larva as 
it comes to the subcutaneous tissue of the back. From one to three 
days after the appearance of one of these swellings a minute hole 


is cut by the larva near the center, after which the swelling soon 
subsides. Although no conclusive evidence is at hand, the writers 


are of the opinion that the holes are cut through the skin almost 
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immediately after the larvee reach it, and never more than three 
days later. Usually the first indication of a break in the skin is © 
in the nature of a minute, irregular hole which is usually accom- 
panied by slight bleeding. Within a day or two after the first break 
is made the edges of the hole become more smooth and round. In 
several instances the writers have observed a circular plug of skin 
about 2 millimeters in diameter and bearing hair, seated in a freshlv 
cut hole. In two cases these plugs were still attached at one side as 
though the cutting process was not complete. 

The only evidence to indicate which end of the larva does the 
cutting is that in every case where larve have been extracted the 
posterior end is always outward. This has been found even before 
the cutting of the hole was completed. It is conceivable that the 
larve may do the major part of the cutting with the mouth parts 
and then turn around and complete the enlarging of the hole with 
the posterior end. When these early stages are removed by pres- 
sure they appear to be in a position perpendicular to the skin rather 
than lying horizontally under it as is the normal position in sub- 
sequent stages. 


DEVELOPMENT OF THIRD-STAGE LARVA: 


The first molt under the skin, from the third to the fourth stage, 
takes place soon after the hole is completed. The determina- 
tion of this period with exactness is very difficult, but the records 
of the writers show that the molt in H. lineatum may take place in 
about 24 hours after the hole is completed, or the stage may last 
from 6 to 8 days. The average period, based on 17 records made 
at Dallas, Tex., with considerable exactness, is 4.5 days, and the 
average period based on 13 records made in New York is 4.26 
days. The period from the cutting of the hole in the skin to the 
molt in H. bovis, as observed in New York, ranged from 1 to 6 
days with an average of 3.35 days. 

For several hours prior to the molt the spiracles of the fourth 
stage can be seen beneath the skin of the larve. The exuvia are 
very delicate, but seem to be shed almost in their entirety at one 
time. The break in the larval skin is very irregular. The posterior 
ends of the tracheal tube where they join the spiracles are rather 
highly chitinized and they are shed along with the skin. 

The writers’ observations show that not infrequently the third- 
stage larva may move to a new location under the skin, usually 
within a few inches of the first, and cut a second hole or even a 
third hole before it molts. 


ENCYSTMENT AND DEVELOPMENT OF FOURTH-STAGE LARVZ 


It appears that about simultaneously with the molt to the fourth 
stage the tissues of the host change their form of resistance from 
an active leucocytosis to a segregation of the insects by the forma- 
tion of encystment sacs (fig. 26). With the development of these 
pouches the general inflammation of the connective tissue subsides. 
The skin of the third stage remains in the sac, which is formed 
very rapidly, and gradually the walls of the sac become thicker as 
the growth of the larva continues. During this and all subse- 
quent stages the larva remains with its posterior spiracles toward 
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the hole in the skin, usually keeping them just a short distance be- 
low the surface. During the course of development of the fourth 
stage the hole may be completely closed by scabs, but an effort 
is always made to keep it open. This frequently results in the 
formation of what the writers have called “a perforated plug.” 
This apparently consists of secretions which harden within the hole, 
becoming somewhat free from its edges, and the larva maintains a 
minute hole through the center of the mass. 

During the development of the fourth stage the body is nearly 
horizontal, the dorsal side outward, and the posterior end bent 
upward so that the spiracles are close to the aperture in the skin. 

The duration of the fourth stage of H. lineatum at Dallas, Tex., 
has been observed in one instance to be from 5 to slightly more than 
13 days, and in another from 10 to 13 days. It is thought, how- 
ever, that the minimum periods mentioned are possibly erroneous, 
owing to the chance of failure to record the molt to the fourth 
stage with accuracy, and that 15 days is nearer a true minimum for 
this stage. The maximum period recorded in one instance was be- 
tween 44 and 53 days. The average duration of this stage based 
upon 21 individuals as recorded at Dallas was 24.5 days. The 
duration of this stage in the backs of cattle in New York is prac- 
tically the same as in Texas. Some of the records for this stage are 
given in Table 7. 

In 7. bovis the length of the fourth stage was observed with 
fair accuracy in 18 specimens in New York. The minimum period 
among these was 21+ days, the maximum period 35 to 388 days, 
and the average 27.1 days (see Table 5). 


TABLE 5.—Duration of fourth stage of Hypoderma bovis in New York 


5 Larve molted to Larve molted to Duration of 
Locality fourth stage fifth stage fourth stage 
1921 1921 
Days 

May 10 (before) ___---- As bays) Shee Sas ae 22+ 
tape do 28-- 
oe do zh 30+ 
May 15 (before) _------|----_ dos Sar 25+ 

hay 17 - ee eee ose ess 23 
May 19 (before) _------|----- Gon Sees 21+ 
May 24 (before) _------ JUNC. 3. 22 eee 24+- 
May 25 (before) _------ DUNS WS ess Nee 24+- 
ee 40.32 ee ees ING 20s se eee 26-+- 

May 20. i suet ee DUNC ee 29 
June 2 (before) __-_---- Af by et O Ths Neo egl 23+ 
ee do. 2... Seely She 31+ 
June 6 (before) _..----- A Bsa LS ee 35+ 

1922 1922 

Apr..1 tO Bazeseepeeeeee May 8 to9_..----- 35 to 38 

| Apr. 8 t0Peetas-eeeeono May ’6't0 6--2--.2: 26 to 28 

..| Apr. 16:60 Liere=seccse. May 15 to 16___..- 28 to 31 

| Apr. 19 $0; 20steeeeseees May 14to15..-... 24 to 26 

| Apr. 22 t0ceeeneee ome May 20 to 24_....-. 26 to 32 


The molting of the fourth instar is apparently preceded by a 
short period of comparative inactivity. The fifth-stage spiracles 
appear as pale yellow objects deep beneath the integument two or 
three days before the molt takes place. As the time for molting 
approaches the spiracles become more distinct in outline and just 
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prior to the molt their details of structure are well defined beneath 
the skin of the fourth stage (fig. 6, g). As in the preceding molt, 
the rupture in the integument seems to be irregular and does not 


Fic, 26.—Under side of hide just removed, showing cysts, some of which are cut open 
to expose cattle grubs 


always occur in the same place. The exuvium remains in the cysts 


and can often be removed by continued pressure after the fifth-stage 
grub has been forced out. 
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DURATION AND DEVELOPMENT OF THE FIFTH STAGE 


Immediately after molting, the larve are more or less translucent 
and the integument comparatively tender. The spiracles at first ap- 
pear more or less iridescent and are yellowish with a slight orange 
tinge. Growth in this stage is rapid. The integument becomes 
heavier and tougher and the spiracles darker. This darkening 
begins on the rims and gradually the entire spiracles become dark 
brown to almost black. Along with the darkening of the spiracles 
and the rapid growth of the larvee, there is a general darkening of 
the entire integument. Just prior to emergence from the host the 
grub becomes shorter and broader. Along “with this change comes 
the darkening of the integument to a deep “brown or black. 

The duration of the fifth stage is extremely variable. At Dallas, 
Tex., the minimum length of ‘this stage in H. lineatum has been 
observed to be between 18 and 21 days. More than 100 larvee were 
observed. In another instance there was a period of from 19 to 21 
days, but it appears that very few complete this stage in less than 23 
days. The average, based on 71 records made at Dallas, Tex., was 


30.3 days. 


lineatum at Herkimer, 
minimum 29 days, and the average 38.5 days. 


Some of these records are given in Table 7. 
The length of the fifth stage was recorded in six larve of H. 


[oe 


The maximum was 47 days, the 
In 1922 in Orange 


County, N. Y., the length of the instar was determined in 19 larve 
The maximum was 39, the minimum 16, and the average 29.5 days. 
The duration of the fifth stage of ZZ. bovis was determined in the 
case of 58 larve at Herkimer, N. Y., in 1921, and in the case of 19 
The maximum, minimum, and 
es aiey in the former were 62, 26, and 39.6 days, and in the latter 45, 


larvee at Middletown, N. Y., 
35, and 40.1 days. 


in 1922. 


Some of these records are presented i in Table 6. 


TacLe 6.—Duration of fifth stage of Hypoderma bovis in New York 


| | | 
Mature |Dura-| 
as larve |} tion || Larve molted to | Mature larve em- para 
Locality FO nin emerged | of || Locality fifth stage be- erged from host of fifth 
St from | fifth || tween dates between dates | “stage 
Ege host | stage || 
| ! 
1921 1921 | 1922 1922 
| Days |) Days 
Herkimer___-| May 13 | June 27 | 45 || Middletown} Apr. 1 and 3__-_-_| May 11 and 13____|38 to 42 
[oie aie May 18! June 20 | 33 ||_---- does Apr. 10 and 13__-_| May 20 and 24__-_|37 to 44 
sf ese) ae do___.{ June 18| 31 _.do...---} Apr. 19 and 20—_--- June 1 and 3_-_----|42to 45 
Saas Miay 19 \---do--.-| 30 ||----- do__ /._-|sADpre24andi22>4) | Junesand 5-=---- 42to 45 
DiS a aoeeseniine 14°} -26-\|.---- do____--| Apr. 22 and 24____| May31land June3_| 37 to 42 
pena do-_ | June 28} 40 _.do- : SdOFe ce a June 1 and 3-----_- 38 to 42 
Woo .- May 21} July 4 44 200. see “Apr. 25 and 26____| June 7and9_____- 42to 45 
x 1) praeneae May 25 | June 20 26 |\.-.--do_------| Apr. 26 and 27- June 5and7__-_.--|39to 42 
Doe: May 27| July 4 38 | do fo o} et a epee June 7and 9___-_.|41to44 
i 6 jee ae May 31| July 7 37 | do “Apr. 26 and 28 - lsaeaee OOM er nae oes 40 to 44 
D6. sa June 2} July 14 42 | do Jha 1dO0b es useee nse 4 0it044 
ip ee eee June 4} July 16 42 ||. do “Apr. 27 and 28 .-| June 3 and 5_~_---|36 to 39 
Do276 - 5. June 6! Aug. 7 62 | do ose ae Oe tates 36 to 39 
0 eons June 9 | July 17 38 |) do “Apr. 29 and May 1- June 5and7__..--|35t039 
1 fi pile June 10 | July 20 40) _do May land 2_-____- June 7 and 9______|386t039 
ie do | July 25 45 do May 4 and 5 _| June 12 and 14___.|388to4l 
ia £2 oe June 27| Aug. 4 38 do May 5 and 6___.__| June 14 and 16____| 39 to 42 
2, ae June 29 | Aug. 9 41 do May 12 and 13._..| June 19 and 21_--.-.| 37 to 40 
} 
It is in this fifth or last larval stage that stockmen usually observe 
the presence of the grubs, as the sizes of the lumps increase with the 
growth of the larve. The sizes of the openings through the skin 
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vary considerably, but they are usually much larger after the molt 
to the fifth stage, and measure from 3 to 4.5 millimeters in diameter 
(fig. 27). It is seldom that any scabbing or other obstruction is 
found in the aperture over a fifth-stage larva. There is usually to 


. 


Fic. 27.—Close view of portion of cow’s back infested with cattle grubs. Hair is 
clipped from around holes 


be seen a rim of exudate, part of which is considered to be excrement, 
around the outside edge of each hole. 

The position of the larva is similar to that in the fourth stage. 
The posterior end of the segments is bent slightly so as to bring the 
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spiracle to the hole and almost perpendicular to it, Thus the hole 
in the skin is always near the posterior end of the larva, which may 
have the anterior portion in any direction. The majority of the 
cysts have the aperture near the upper side, 


TOTAL DEVELOPMENTAL PERIOD IN THE BACKS OF CATTLE 


As with other stages of Hypoderma, there is a variation in the 
total period required for the development of the larve from the time 
the holes are cut through until the larval growth is completed. The 
determination of this period with accuracy is of much importance 
in control and especially in eradication work, since the interval 
between treatments 
should be governed 
by such data. 

In a large num- 
ver of cattle of sev- 
eral breeds warbles 
of both species were 
followed through 
their entire develop- 
ment in the subder- 
mal tissue. Owing 
to the high mor- 
tality among the 
larve, especially 
when examined re- 
peatedly to deter- 
mine molts,_ etc., 
only a comparative- 
ly few records of 
complete develop- 
ment were obtained 
among the hundreds 
of warbles observed. 

In order that the 
duration of the lar- 
val stages might be 
determined various 
individual eattle Fic. 28.—Headlight outfit used in examining cattle grubs 
were observed from ar HG 
the time warbles began to appear until all grubs had made a normal 
egress. These observations were made as frequently as time would 
permit, usually once each day. Through practice the touch was 
developed to a high degree and one could readily detect the first 
indication of a foreign object under the skin or a minute amount of 
exudate from a puncture of the skin. 

In making the examinations a headlight was developed which 
proved of great value (fig. 28). It consisted of a shortened flash 
light attached to a head band, and served by two dry cells carried 
on a belt. The focus was adjusted to permit the observer to use a 
hand lens. 

With the younger stages of the larve in particular it was found 
necessary to apply pressure around them to force them toward the 
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surface, where they could be seen distinctly. Not only the time of 
molting was observed in this way but the changes in color of the 
last stage could be observed and the approach of complete develop- 
ment noted and emergence watched for. 

In order to eliminate any possible adverse effect 6n the develop- 
ment of the larve by these repeated observations, the appearance in 
the subdermal tissues of several hundred third-stage larve was deter- 
mined by the method indicated, following which they were not dis- 
turbed except to make occasional notes on their presence until about 
the date of emergence from the host. The average time for the 
development in the case of those larvee examined for molts, etc., 
was practically the same, however, as in the case of those which 
were not disturbed. 

As a method of checking up on the observations on the various 
larvee it was found best to make a rough diagram of the backs of the 
hosts, indicating the position of each larva and assigning it a num- 
ber. In order to facilitate the location of each larva the position 
on the animal’s back was indicated by clipping the hair. In the 
early observations the hair was clipped close to the skin immediately 
over the warble hole. Later, as it was thought that the development 
might be interfered with by exposure, clips were made in the hair 
of the host just above or below the position of the warble. 

The minimum period of development of larve of H. lineatwm in 


‘the backs of cattle at Dallas, Tex., based on about 200 records, was 


between 35 and 47 days. Another period noted was 38 to 40: days, 
and still another 39 to 46 days. In several other cases the period 


- ranged between 39 and 50 days. The maximum period was between 


78 and 89 days. The average total developmental period, based on 
104 warbles examined at frequent intervals, was 56.3 days. A few 
representative records of the development in the backs of cattle are 
given in Table 7. 

The average period of development of 222 other larve of H. 
lineatum in which the date of appearance under the hide and the 
date of emergence from the host were determined without disturb- 
ing the larve by making observations on molts was 57.74 days. 

At Uvalde, Tex., D. C. Parman recorded the duration of the 
larval period in the backs of cattle for larve of H. lineatum. 'The 
minimum period noted was 48 to 45 days, the maximum 54 days, 
and the average 49.4 days. 

Six accurate records of the period of development of H. bovis 
in the backs of cows were made in New York. The maximum was 
77 days, the minimum 65 days, and the average 72.8 days. 

Apparently the duration of development in the backs of cattle 
is not influenced by individual, breed, or age of the host. The 
writers’ records indicate that the development may be slightly 
shorter at Uvalde, Tex., than at Dallas, and that the time spent in 
the subdermal tissues of cattle averages slightly longer in the case 
of larve coming up to the backs in the early part of the season. 
For example, the average period of those which appeared in the 
subdermal tissue in October and early November was about 58 
days, whereas in those which appeared during the latter part of 
December and in January it was about 51 days. 
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THE METHOD OF EGRESS OF GRUBS FROM BACKS OF CATTLE 


When the fifth-stage larvee complete their growth they become 
more active and the posterior segments are extended’ and forced 
into the openings through the skin and then quickly withdrawn. 
With this action the sides of the holes are cleaned of the rim of 
exudate and more or less covered with the pus forced up by the 
larve. When the actual process of emergence begins the posterior 
segments are forced into the aperture and the larve slowly work 
their way out by expansion and contraction of the body rings. 
The actual process of emergence of the grubs takes from one to 
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Hie. 29.—Diagram showing hours when larve of Hypoderma lineatum emerge from 
the host for pupation 


three minutes, but the preparatory activities may be begun several 
hours before the grubs make a serious attempt to escape. 


TIME OF EMERGING FROM HOST 


With H. lineatum fairly accurate observations have been made 
on the time of day when 181 warbles emerged from the host, and 
less accurate observations on 211 others. Glaser (29) pointed out 
that he observed in Germany a large percentage of warbles dropped 
in the early morning hours, the percentage being from 49.4 to 68.2 
between the hours of 5 and 7 a. m. The writers’ observations do 
not agree closely with his in this respect, for, as is shown on the 
accompanying diagram (fig. 29), the largest number dropped in 
the middle of the forenoon from 8 to 10 a. m., and the emergence 
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was greatly reduced in the middle of the day, increasing again in 
the middle of the afternoon. 

The number of larve recorded as dropping in the earlier morn- 
ing hours is undoubtedly too small, as fewer examinations were 
made between 8 and 9 a. m. than in later periods, and a much 
smaller number still between 7 and 8 a. m. It is believed, how- 
ever, that by adding all of those which may have dropped between 
7 and 9 a. m. the total would not nearly equal the number which 
dropped between 9 and 10 a. m. Of the 269 larve the hour of 
emergence of which was noted with considerable accuracy, 140, or 
52 per cent, left the host between 8 a. m. and noon, and 129, or 48 
per cent, between noon and 6 p.m. There is undoubtedly a greater 
disparity than these percentages indicate, as the number of hours 
in the forenoon period was smaller than the number in the after- 
noon. Also, as stated above, some warbles that dropped in the 
early morning hours were not recorded. 

The percentage of grubs dropping in the night was compara- 
tively small. Considering the entire 392 larve upon which 
the writers have records, only 88, or 22.4 per cent, dropped out 
during the 12 hours from 6 p. m. to 7 a.m. Asa matter of fact, 
this percentage is too high, as in it are included larve which on 
several occasions were found to have dropped from animals when 
they were first examined in the morning; sometimes this examina- 
tion being made as late as 8 or 9 o’clock. 

From their observations and the study of the data accumulated 
the writers are led to believe that the activity of the host has 
much to do with the dropping of the larve. Feeding of the 
animals usually took place between 8 and 9 a. m. and up to about 
that time the animals were comparatively quiet, usually lying 
down. In the noon period following the morning feeding they 
again became quiet and lay down much of the time, until 4 or 
5 p. m., when feeding again took place. Just how activity of the 
host should influence the dropping of the larve it is not easy 
to see. Possibly the muscular movements stimulate them. There 
is a possibility also that the warming up of the back of the 
animals by the sun following the cool night may tend to stimulate 
dropping. In the instances cited by Glaser it appears that feeding 
took place very early in the morning and hence his observations 
may tend to substantiate this hypothesis. 


DISTRIBUTION OF THE LARV4 ON THE BACKS OF CATTLE 


As is well known, the larvee occur in the greatest numbers along 
each side of the spinous processes from the shoulder to the hip bones. 
In diagraming the backs of hundreds of cattle the writers have 
observed that this distribution is very irregular, sometimes several 
larve being in one group and the rest of the back comparatively 
free, while in other cases they are widely scattered over the entire 


area. It seems certain, however, that this is simply a matter of 
chance. In summarizing their figures on the distribution of the 
larve the writers find that about 50 per cent of them occur in the 
region of the dorsal vertebrwe and the other 50 per cent in the 
lumbar region. As a rule they are more concentrated in the area 


over the last three ribs, Although it is not unusual to find grubs on 
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1) the shoulders, that is, above the scapulas or behind the hip bones, 
1 the percentage occurring in these regions is comparatively small, 
| the writers figures indicating shghtly less than 1 per cent for the 
iti latter. Occasionally grubs are met with on the tail 3 or 4 inches 
Mt below its base, and also on the neck some inches in front of the 
i shoulders. One instance of the occurrence of a grub below the 
| point of the pin bone has been observed by the writers. Laterally 
most of the grubs are confined to a strip about 1 foot on each side 
of the backbone in grown animals, but it is not especially unusual 
to find them on the ribs half way down the side of the animal. The 
midline of the back is comparatively free (fig. 30). 

i The writers’ experiments show that there is no relation between 
the distribution of the eggs on the host and that of the late stages 


Fic. 30.—Cow with back infested with vcaulle erubs. Hair is clipped from around 
oles 


| of the larve resulting therefrom. As the larve are known to 
migrate freely all through the host, such a relationship would not 
be expected. 


PUPATION AND DURATION OF THE PUPAL STAGE OF HYPODERMA LINEATUM 


When the larvee have freed themselves from the hole in the skin 
in the back of the host they begin contracting and expanding and 
soon roll off an the ground. For the collection of larve as they 
emerged from the hosts, burlap bands were placed around the bodies 
of cattle, as shown in Figure 31. They are not very active and their 
progress in crawling is very slow. There is a tendency for the larve 
to crawl under any loose objects which may be at hand and which 
would offer some protection; but ordinarily they do not go more 
than a short distance from the place where they drop, and their 
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tendency to dig into the ground is not very marked. Not infre- 
quently specimens will bury themselves in loose débris, such as straw 
and broken leaves, but they do not burrow into compact soil or sand 
to any extent. The larve show marked negative heliotropism, and 
one was observed to crawl more than 10 feet, seeking shade in which 
to pupate. Usually within a few hours they become quiet and within 
1.to 12 days the integument hardens and. changes its shape into the 
typical puparium form. The average prepupal period recorded in 
the case of 238 larve of H. lineatum was 3.4 days. Representative 
records are presented in Table 8. The prepupal stage observed 
among 7 specimens, kept in a screened insectary in Middletown, 
N. Y., in 1922, ranged from 1 to 4 days. This period may vary 
several days in the case of larve leaving the host the same day, but 
the total time required for their transformation to adult is not in- 
creased to that extent. 

Tt is evident that where the larve drop normally the prepupal 
period is markedly influenced by temperatures. 

The pupal period at Dallas, Tex., ranged from 16 to 75 days, the 
average being 38.2 days, as recorded for 196 specimens. Representa- 
tive data are given in Table 8. | 


TABLE 8.—Duration of prepupal and pupal stages of Hypoderma lineatumn at 
Dallas, Tex. 


Larv= emerged . Temperature 
hee? Pupated Flies emerged Period| dropping to adult 
Pre- Pupal ee 
pupal ? Num- enod ae A 

Num- Num-| Period Num-| per of zi ee - Bea 

Date ngs Date Baa Date bee oF fee adult Max.| Min. daily 

males mean 

1916 1916 Days 1916 Days | Days | °F. | °F. | °F. 

Heb; 17 - =~ 23 1 | Feb. 21 1 344) Mar. 21 |see= 1 +29 33 | 91.5 | 23.7 | 58. 26 

iG ec (ae 1 3 Mar. 20 1 Ee eee 28 31 | 91.5 | 23.7 | 57. 71 

Welk = ~~. 3 1| Feb. 22 1 34| Mar. 21 Wyle ste +28 29 | 91.5 | 23.7 | 58.94 

Pozs-2-- = 1 | Feb. 23 1 2) | Mar. 22) |\zeese= 1 28 30 | 97.9 | 23.7 | 59.68 

F6D. 22 — =. 3 | Feb. 24 3 7AM) |eeset6 (oye 1 27 29 | 97.9 | 23.7 | 59.80 

War 4» 22 t.. 1| Mar. 6 1 2s =dos-2 Me, Paces iee 16 18 | 97.9 | 28.0 | 64.65 

J 1} Mar. 7 1 1 Miar.028 | Seaeee= 1 21 22 | 97.9 | 34.0 | 64.32 

LT iy ee 1| Mar. 8 1 ftis2dos= -4 Mal oe So 20 21 | 97.9 | 34.0 | 63.77 
1917 1917 1917 

Pan, Slee cn 1| Feb. 3 1 3 | Mar. 13 1 oe eee 38 41 | 93.0] 9.5 | 50.92 

iV So 2| Feb. 17 2 4 Mar. 20 1 1 31 35 | 93.0 |] 25.0 | 56. 22 

Mar. 10--__-- 1 | Mar. 11 1 1 Mar. 31 PPIESE = S:) 20 21 | 87.5 | 32.0} 63.31 
1918 1918 1918 

Jan, 20-2224 2) Jan. 25 2 5 Mar. 11 a i al 45 50 | 97.5 | 33.5 | 49.46 

[pier] ae 2| Feb. 6 2 6 | Mar. 13 1 1 35 41 | 97.5 | 12.5 | 53.86 
1920 1920 

1| Jan. 8 1 2 | Mar. 18 1} 2: es Sa 70 72 | 81.0 | 19.0 | 48. 67 

1| Jan. 18 1 11, |u.-do®. eee 1 60 71 | 81.0 | 19.0 | 48. 83 

1| Jan. 16 1 7 Mar. 26 jeaeee= 1 69 76 | 81.0} 19.0] 51.31 

1| Feb. 9 1 Bp [ss.dox A ee Pe 3 45 48 | 81.0] 19.0 | 52.46 

1! Feb. 20 1 2) | Mar. 27) | saan 1 36 38 | 81.0 | 19.0 | 54.08 

1] Mar. 1 1 7 |} Mar. 2biij2eeees2 1 24 31 | 81.0] 19.0 | 52.61 
1921 | 1921 

1| Jan. 15 1 4 | Mar. 1 iN tae 45 49 | 83.0 | 26.0 | 52.03 

Livgany 17 1 6 Mar: -3.\-25-—e8 ] 45 51 | 83.0 | 26.0 } 52. 44 

1| Jan. 29 1 1 | Mar. 12 1 (5s : 42 43 | 83.0 | 27.0 | 54.91 

Oley: 7, 2 2 | Mar. 15 i | 36 38 | 83.0 | 28.0 | 56.89 

1| Feb. 8 J Tae downs is (aoe 35 37 | 83.0 | 28.0 | 56. 94 

Feb. 10 1 4 |__.do : | i ee ee 33 37 | 83.0 | 28.0 | 56. 94 

, Feb. 14 2 1 | Mar. 16 ] 1 30 31 | 83.0 | 28.0 | 58.90 
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Only four adults of 7. lineatum were bred out in Middletown, 
N. Y. Among these the pupal period ranged from 26 to 41 days, and 
the period from date of leaving the host to emergence of the adult 
ranged from 27 to 42 days. At Dallas, Tex., this period of trans- 
formation ranged between 18 and 77 days, with an average of 41.7 
days in the case of 221 specimens kept out of doors. 

The average period of transformation was slightly shorter in males 
than in females, being 42 days in the former and 44.4 in the latter, as 
computed on 92 males and 80 females. 

Hadwen (33) has presented records of the duration of the pupal 
stage of H. lineatum of from 13 to 19 days when the specimens 
were kept in an incubator at 32° C., and Glaser (30) records a pupal 
period in Germany for this species of 23 to 38 days. Carpenter 
(72, 17) states that 
he has observed the 
pupal period to be 
about 7 to 8 weeks in 
Ireland. 


PREPUPAL AND PUPAL 
STAGES OF HYPO- 
DERMA BOVIS 


Mature larve of 
HH. bovis show about 
the same degree of 
activity after emer- 
gence from the host 
as those of H. line- 
atum, but they seem 
to have a stronger 
tendency to burrow 
ic. 31.—Heifer with bagging around body, for purpose of inte the on ao 

“collecting cattle grubs as they enced ain GRE larvee of this species 

also show a great de- 
sire to escape from direct sunlight, and one was observed to crawl 
12 feet to a deep shadow, where it pupated. If placed on loose soil, 
most of them will bury themselves in a short time. Some burrow 
down about an inch, but most of them go just below the surface. 

When the weather is warm the prepupal period is very short. At 
Dallas records were kept on several larvee which emerged normally 
from cattle. All of these pupated, and 4 produced adults. The 
prepupal period of these larvee was in every case somewhat less than 
a day, and the pupal period of the 4 which emerged was from 14 
to 15 days, making a total period from emergence from the host to 
the appearance of the adult insects of from 15 to 16 days. Among 
24 larve extracted from cattle at Dallas, Tex., and kept for rearing, 
14, or 58.3 per cent, pupated and only 1 (4.2 per cent) produced 
an adult. In the case of this specimen the prepupal period was 
slightly more than a day, and the pupal period 14 days, a total 
transformation period of 15 days. The writers succeeded in breed- 
ing out 4 adults from 8 mature larve extracted from cattle at 
Herkimer, N. Y. (Table 9). The prepupal period among these was 
10 hours to 1 day, and the pupal period from 15 to 24 days. The 
total developmental period from extraction of the larve to the 
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emergence of the adults was 16 to 25 days. All of these records were 
made in midsummer, and the specimens reared in New York were 
kept in a building in which the temperature was warmer than out- 
doors, hence the periods shown are probably shorter than would 
occur normally. 


TABLE 9.—Duration of prepupel and pupal stages of Hupoderma bovis 


Adults emerged a Heniper nite 

Z uring period from 

Date Dura- |_| pura- | Pet104d) dropping to adult 

dropped ae Hon i aeal a m 
= or ex- ate fe) rop- 

Locality tracted | pupated | pre- Nur Num: upal | Ping eats 

; from pupal} Date ate lotta: vies to , age 
host stage saaielaciias adult | Max.| Min. daily 

mean 

1918 1918 Days 1918 Days | Days | °F. | °F. | °F. 
Dallas, Tex_-..----| May 15 | May 16 1| May 30 |____-- 1 14 15 | 98.4 | 54.0 | 78. 28 
WON ne ae, May 24} May 25 1| June 8 1 1 14 15 | 96.0 | 63.1 | 81.62 
1 BY sae fel aa eS May 27 | May 28 ea Sunes l2) | pera 1 15 16 | 97.0 | 65.0 | 81.37 

3 1921 1921 1921 
Herkimer, N. Y__-| June 24} June 24 | July 11 |-__--- 1 a Gi Cs 7 (rae ra ee 
Jone 2 See July 14]| July 15 Tipe) Cirthge et yqee 1 15 AG yee = | Seek eae Bio 
197 Bee Ses July 17 | July 17 Vg) Aug. (5) (225223 1 SUA isp1O des ease EU eo 
Blobs §3= s2 Aug. 3} Aug. 4 1 | Aug. 28 1) eee 24 20M ee ee ee ee 
1922 1922 1922 

Middletown, N. Y_| Apr. 20! Apr. 27 7 | June 4 Pilea cee, 38 45 | 85.0 | 28.0] 58.6 
Das) ses Wpr= 21h} -22do2s - = q) |=dot == 1 1 38 44 | 85.0 | 28.0 | 59.1 
1D ae Apr. 23 |__-do____ Ee We 1 1 38 42 | 85.0 | 32.0 | 60.0 
iB Tien ae Be Se Apr. 26 |__-do____ 123/23 dol aes 1 3 38 39 | 85.0 | 32.0 | 60.9 
CD er ee eee Apr. 28| May 1 Oy NEE (lao = 2 1 34 37 | 85.0 | 33.0 | 61.4 
1D eels eee PEA QE Ss GOs. 2 Bele domes 3h eee 34 37 | 85.0 | 33.0 | 61.4 
1D ibe 38s iy eee Apr. 29 |__-do___. 22 ei dosam if 3 34 36 85.0 | 33.0 | 61.9 
Dep = Oe LALO SSA ENG heres 2 | June 1 2 35 37 | 85.0 | 33.0 | 62.1 
gems ir Apr. 30 |__-do____| 11%} June 4 1 1 33% 35 | 85.0 | 33.0 | 62.1 
DOL sess s-2 2 May 4] May 8 4) June; eG hl el), |s oars 29 33 | 85.0 | 40.0 | 62.8 
Peso oan = 2G ae ears (eae 4 | June 7 Gi ka ests 30 34 ; 85.0 | 40.0 ; 63.2 
iD fie ee Sree eee dorss: |) 4do. 22. 4 | June 8 1 2 31 35 | 89.0 | 40.0 | 63.6 
19 eee See May 8] May 9 14%) June 7 Cif See 2814 30 | 85.0 | 40.0 | 63.8 
ID Dn Sse eee _.-do____| May 10 225 Tune’ "Oy Fase 2 30 32 | 91.0 | 40.0 | 64.6 
28 (esos eee May 12} May 13 1 | June 8 3) |22.-3 26 27 | 89.0 | 40.0 | 64.5 
5G (pte le are eG (a ees ad 0te 1 | June 9 3 4 27 28 | 91.0 | 40.0 | 64.9 
Byes ee 25 atn Ga eT (ee 1 | June 10 1 1 28 29 | 92.0 | 40.0 | 65.3 
Do...) May i4|May 15| 114 June 9] 3] 1) 24% 26] 91.0] 41.0] 65.0 
(CAE ee eee edges |= doo =! 144) June 10 i! |e 2544 27 | 92.0 | 41.0 | 65.5 
1 Eee eee ee Bede! = dob. 2. 14) June 11 }_-__-- 1 2614) 28 | 92.0 | 41.0} 65.8 
5 5 fi ioe teat Rae May 17} May 19 fi dona ig ce see | 234% 25 | 92.0 | 41.0 | 66.5 
[D/) Ss Seen eee ee dos.4!= dos: 1144) June 12 |_-___- 1 2414) 26 | 92.0 | 41.0 | 66.8 
Li. May 20/| May 21 1 | June 11 a ee ae 21 22 | 92.0 | 41.0 | 67.8 
i a ee done: |2-"do- === 1, || Sine” 123 aeeee 1 22 23 | 92.0 | 41.0 | 68.2 
Of. == ee May 25 | May 26 1 | June 16 PEN ea es 21 22 | 92.0 | 41.0 | 68.3 
iD inee ee May 27 | May 29 2 | June 19 1 (es ee 21 23 | 92.0 | 41.0 | 68.1 


1 Half days are given to approximate more closely the time required for transformation. 


At Middletown, N. Y., during 1922, a large number of adults were 
reared from larve which emerged normally from the backs of cat- 
tle. These pupz were kept in a screened, roofed insectary out of 
doors. The prepupal period ranged from about 10 hours to 7 
days, with an average of 1.7 days; the pupal period, from 21 to 
38 days with an average of 29.4 days. The time from leaving the 
host to emergence of adults varied from 22 to 45, with an average 
based on 167 records of 31.34 days. The longest period (Table 9) oc- 
curred in the spring. As some larve left hosts in 1922 about April 1, 
it is probable that some periods longer than the maximum shown 
might have occurred among the larve dropped earlier in the spring. 

In Canada, Hadwen (34) observed a period of 30 to 40 days to 
intervene from the emergence of the larve to the appearance of 
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the adult, the average for several being 34.7 days, and Glaser 
(29) records this period as being 37 to 56 days j in Germany. Under 
just what conditions these pupz were kept is not known, but pre- 
sumably they were out of doors. Vaney (106) in Lyons, France, 
has observed that the period of transformation requires from 3 
to 4 weeks. In the vicinity of Paris, France, Lucet (63) records 
an average pupal period of 32.9 days, the range being from 29 to 
40 days. In Ireland, Carpenter, Phibbs, and Slattery (19) record 
a pupal period of 32 to 46 days. Stub (97 ), working in Copenhagen, 
found the pupal period to be from 40 to 53 days. 


MORTALITY IN THE PREPUPAL AND PUPAL STAGES 


Among larve which drop normally a considerable percentage fail 
to pr oduce flies, even under what might be thought to be optimum 
conditions. The percentage of the larvee which pupate is rather 
high. Among 559 larvee of H. lineatum which were noted at Dallas, 
Tex., 514, or 92 per cent, formed pups and 337, or 65.6 per cent, 
of the pupae emerged 2s ‘adults, or 60.3 per cent of the total num- 
ber. Both species of Hypoderma are very dependent upon proper 
conditions for completion of their development. Larve removed from 
the backs of cattle before they are ready to emerge are subject to 
a high percentage of mortality. It is conceivable that by forcing 
them through the holes in the hide they may be injured, but the 
writers’ experience indicates that immaturity and not injury is the 
cause of death. Among 325 well-developed larve of H. lineatum 
extracted by hand and kept under optimum conditions for pupation 
and adult emergence, only 113, or 34.8 per cent, pupated, and out 
of this number 26, or 23 per cent, produced adults. This was 8 per 
cent of the total number of the larve extracted and observed. AIL 
of these larve had practically attained their full growth. 

Among 221 larve of H. bovis which emerged normally from hosts 
and were kept in a screened insectary in Middletown, NS Y350'86-, 
or 84 per cent, produced adults. . 

Excessive moisture produces a high mortality among pupe. This 
point will be discussed under natural control. 


EMERGENCE OF ADULT FROM PUPARIUM 


In the case of both H. lineatum and H. bovis the flies appear 
mature within the puparia several hours before they emerge. The 
majority. of the adults reared by the writers have been found to 
escape from the puparia during the early morning hours. 

The cap of the puparium is first forced open by the head of the 
fly, and in some cases it is broken off completely. The fly then 
crawls out, and this process takes less than half a minute. - Within 
a few minutes after the fly escapes it usually walks away from the 
puparium and begins to unfold its wings. Usually this process re- 
quires about five mintues. The ptilinum is completely retracted and 
ihe wings straightened to normal position in about 15 minutes after 
emergence. The abdomen is conspicuously distended, showing 
that the insect is provided with an ample supply of food from 
the larval stage. An occasional droplet of excrement is voided 
during the drying process, Immediately after the wings are dried 
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he abdomen is extended and retracted and the insect makes clumsy 
attempts at flight. Within half an hour after emergence it is able 
to sustain itself on wing, though rather clumsily. 

The adults evince a very strong positive heliotropism. In cap- 
tivity their main energies are devoted toward escaping. Very 
few flies have been recovered in nature unless in the act of attack- 
ing cattle, and just what place they choose for resting is not known. 
Apparently, however, they remain on the ground or on grass and 
shrubbery close to the ground. 


PROPORTION OF SEXES 


The sexes were noted in the case of 284 reared adults of JZ. 
lineatum. Of these, 147, or 51.8 per cent, were males. The males 
usually emerge from the puparia slightly before the females, al- 
though this is not uniformly the case. Among 172 adults of /. 
bovis which were reared and the sex noted, 81, or 47.1 per cent, 


were males. 
- FOOD OF THE ADULT 


Mention has been made of the supply of food carried over to 
the adult stage from the larve. This appears to be sufficient to 
meet the needs of the adult insect throughout its hfe. The writers 
have repeatedly attempted to feed reared adults in captivity on 
fruit, sirup, and water, but have never observed any indication that 
they would partake of such substances. The mouthparts are de- 
generate and probably not capable of functioning in feeding. 


MATING 


Many reared flies of HZ. lineatwm have been kept in various types 
of breeding cages, usually supplied with sticks or branches of green 
trees, and in the much greater number of these cases mating was 
not observed to take place. Although a number of these reared 
females were induced to oviposit, in most instances the eggs were 
infertile. In four cases mating was closely observed. The act 
usually took place immediately after the males and females were 
placed in the same small cage. In each instance the male seized the 
female as soon as they met, but in one case the male went through 
some preliminary courting actions. He crawled over the female’s 
back and head, then worked rearward on the back of the female and 
mating began. The details of mating appear to be about the same 
as with many other Diptera. The duration of the act ranges from 
one to three minutes. In two instances mating was repeated a second 
time immedistely after the first. In two of the four instances of mat- 
ing observed in 77. lineatwm both the male and female were 1 day 
or more old. In the other instance, however, which occurred at 
10.45 a. m., the male had emerged shortly prior to 9. a. m. of the 
same day, and the female was observed to crawl from the puparium 
at 10 a. m.; thus mating took place when the female had been out 
only 45 minutes. It is interesting to note in this connection that 
this female upon being placed on a calf 20 minutes after mating 
deposited a considerable number of fertile eggs. 

HT. bovis evidently mates much more freely in captivity than 
H. lineatum. The act has been observed in many instances to take 
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place among reared specimens. Among a large number of adults 
of H. bovis which emerged early in the morning and were kept in 
lantern globes, many pairs were observed in copula about 10 a. m. 
as the temperature rose. The duration of the act ranged from two 
to two and one-half minutes. 


OVIPOSITION 


Reference has been made already to an instance of a fly begin- 
ning oviposition within about an hour of the time she emerged. 
The writers’ observations in the field indicate that if favorable 
weather conditions prevail oviposition usually begins on the same 
day the adults emerge. It 
also appears that with flies 
in the field and with those 
captured and placed on ex- 
perimental animals the ma- 
jority of the eggs deposited 
by an individual are laid 
during a single day. In 
several instances flies de- 
posited a large number of 
eges during one day and a 
moderate number during 
the second day, but in no 
case have specimens. ovi- 
posited during three suc- 
cessive days. 

As has been pointed out 
by Hadwen and other au- 
thors, the methods of ovi- 
position are very different 
in HT. lineatum and H. 
bovis. The former attacks 
more stealthily than the 
latter, and several eggs are 
usually placed on a single 
Fie. 32.—Heel fy (Hypoderma lineatum yiposit- irae, while wath A. bows 

nade ing upon leg of cow. «the «eggs are laid singly. 

This difference in the action 
of the flies during their oviposition is intimately associated with the 
fright produced among cattle, as will be discussed later. 

In the field when cattle come in the vicinity of a resting female 
of H. lineatum the insect is observed to approach them on the wing, 
usually alighting on the ground close to an animal and frequently 
approaching the hind legs of the host by a series of short flights 
which resemble jumps. She sometimes lights directly on the heel, 
usually below the dewclaws, and immediately begins to extend the 
ovipositor, grasping the hair and cementing on her eggs (fig. 32). 
In other instances if the animal is not moving she may come close 
to the heel of the host, turn around, and back up to the rear of 
the hoof with the ovipositor extended. In this way the short hairs 
between the hoofs are reached and the eggs are placed in position 
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while the fly remains on the ground. When the animal moves, the 
fly usually follows, flying behind close to the ground, and when the 
opportunity offers she may alight on the host, commonly on the 
hind legs below the hock. Under such conditions the animal is 
usually aware of the presence of the fly and often kicks at it, fre- 
quently knocking it to the ground, in which case it usually arises 
promptly and starts again after the host. With animals disturbed 
in this way the fly is more likely to attack higher on the legs and 
not infrequently on the sides, especially in the region of the flank 
or on the forelegs or shoulders. 

In many instances the writers have observed females of /. linea- 
tum to oviposit on cattle while they were lying down. When not 
disturbed the fly usually deposits a series of eggs, possibly 50 to 
60, in rapid succession and then rests for a minute or two. Some- 
times she moves slightly to a new position and then repeats the 
operation. . 

Flies of H. lineatum captured by means of a net while attacking 
cattle in nature are readily induced to ovipesit on experimental 
animals kept under control; in fact, this was the method followed 
in obtaining eggs with which to infest experimental animals and. 
for other purposes. After the flies were captured they were usually 
placed in small tubes or jars and brought immediately to the 
laboratory and placed upon experimental hosts. To accomplish this 
the female was usually placed in a glass vial with the open end 
placed against the host. Usually as soon as the fly comes in con- 
tact with the hair of the animal she begins extending the ovipositor 
and starts laying eggs. After she has once begun it is often unneces- 
sary to keep the restraining vial over her. ff: 

H. bovis attacks the animals viciously, usually approaching them 
about the height of the hock, and very seldom lights on the ground. 
On account of its more persistent and ferocious attack the animals 
are put to flight with the first period of oviposition. The fly strikes 
the animal a number of times in rapid succession, cementing an 
egg on a hair in nearly every instance. After a number of these 
strikes at the animal the fly may leave for a few minutes and then 
return and repeat the process as persistently as before. Frequently 
when the host is active the fly may follow it around a small pas- 
ture, attacking repeatedly when it catches up to the fleeing animal. 

Great difficulty was experienced in getting females of 7. bovis 
to deposit eggs after they had been captured. Hawden’s reports 
indicate that he had no difficulty in getting females caught while 
ovipositing in nature to deposit under an insect. net held to a bovine 
or when released near a tethered animal. In Illinois and New 
York, however, a number of flies captured in the field by the writers 
and applied in various ways to hosts under control gave very dis- 
couraging results. Only a few eggs were secured and these for the 
most part were dropped free in the hair. 1 

During the summer of 1922 a large number of flies of both sexes 
of H. bovis were reared at Middletown, N. Y., and many attempts 
were made to secure eggs from them. Although they mated freely, 
as has been stated, they persistently refused to oviposit. Some were 
kept in glass containers held against a calf; others were placed in 
small screen cages attached to the host; and still others were liberated 
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in cages containing calves. But in no case were any eggs deposited 
normally, 

On account of the fact that H. lineatum. deposits its eggs in series 
on the same hair, the rate of egg laying is somewhat faster than with 
H. bovis. In some instances the eggs of H. lineatum have been 
seen to be deposited at the rate of nearly 2 per second, and 30 or 40 
may be deposited in a minute. 


NUMBER OF EGGS DEPOSITED 


The number of eggs deposited, especially by H. bovis, is very 
difficult to determine. The maximum number observed by the writ- 
ers for H. lineatum was 446. These were deposited by a female 
taken in the act of ovipositing on a cow in a pasture, and hence this 
fly may have laid many eggs before capture: Glaser (29) has ob- 
served a female 7. lineatum to deposit 538 eggs, and estimates the 
total number deposited by this female as 550. In many instances 
from 200 to 300 eggs have been obtained from a female caught in 
the field in the act of oviposition. Females dissected after they 
have become too weak to deposit more eggs usually have a good 
number of ova left in the abdomen, although many of these appear 
to be only partially developed. 


CONDITIONS UNDER WHICH OVIPOSITION TAKES PLACE 


Both species of Hypoderma are stimulated to oviposition by 
bright sunlight and usually egg laying takes place largely in the 
sunshine. Both species have been observed, however, to deposit 
eggs in the shade, and occasionally when the sun was fairly well 
covered with clouds, especially if there were occasional bursts of 
sunshine. Oviposition rarely takes place when the sky is heavily 
clouded, and dense shade such as under large sheds appears to be 
shunned by the females of both species. Females of both JZ. 
bovis and H. lineatum have been observed to be active on days 
when the temperatures were comparatively low, provided the sun 
was shining brightly. No doubt in their protected places close 
to the ground reflected heat and sunshine stimulate them to activity 
when the general temperatures are very low. In one instance ovyi- 
position of H. lineatum was observed when the temperature was be- 
tween 40 and 45° F. The minimum temperature at 7 o’clock that 
morning was 20.5° F. and the maximum for the day 46° F. at 3 p. m. 
It is difficult to say just what is the optimum temperature, as large 
numbers of flies have been observed ovipositing under a wide range 
of temperature conditions. Females of this species oviposit freely 
when the temperatures range between 55 and 85° F. provided the 
sun is shining. 

Apparently the range of temperature in which females of Z. 
bovis will oviposit is narrower than in HZ. lineatum, although, in 
localities where both species occur, females of H. bovis usually expe- 
rience higher temperature, since they emerge later in the season. 

High winds and even fresh breezes tend to check ege laying of 
both species. Occasionally, however, the flies will oviposit on windy 
days when the cattle are standing in the sunshine in protected places. 
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LONGEVITY OF ADULTS 


Owing to the fact that the adults of Hypoderma are very rest- 
less when in captivity and since there seems to be no means of 
keeping records of specimens in nature, the writers’ observations 
on the length of life of the adults may give erroneous ideas. The 
longevity of reared adults of 1. lineatum is shown in Table 10. It 
ranged from 1 to 25 days and averaged somewhat longer for males 
than for females. The markedly greater longevity observed among 
about 50 adults reared in the laboratory during the spring of 1924 
than had been noted previously indicates clearly the probability 
that certain individuals which emerge prior to periods of uniformly 
cool weather may live for a considerable time. The specimens re- 
ferred to were hastened in their emergence by being kept in a 
warmed room. After emergence the adults were transferred to 
lantern-globe cages and kept in an unheated room. The tempera- 
tures given in Table 10 for these records for 1924 were those re- 
corded in a standard weather shelter out of doors, and hence un- 
doubtedly show a much greater range of temperature than was 
actually experienced. There is no question but that in nature the 
flies would seek the sunshine and warmer places which would stimu- 
late activity, and thus we should not expect to find such long periods 
of existence as those referred to above. The writers’ observations 
in the field also bear out this assumption. It seems certain that 
when the weather is warm and the adults are active their lives are 
uniformly very short. 


TasrE 10.—Adult longevity of Hypoderma lineatum at Dallas, Tex. 


Num- Temperature 
Date |N2™) ber bh 
adults of of Record of death gevity Remarks 
emerged ica ae Tie. [Mise Be 
1915 1915 Days TT ied | c oF ORS 
pay TL si Yespaye TI yg ae ae 7 | 48.0 | 83.5 | 67.6 | In cage 1 foot by 1 foot 
by 1 foot, with leaves. 
fae Ee [EN aie 774, oa tS ee 3 | 54.0 | 82.0 | 69.0 | In small cage, with 
leaves. 
1916 1916 
Mar. 20 1 3 | Mar. 21,2 9; Mar. 22,1 9; 1to 31! 61.5 | 97.9 | 80.2 | In cage l foot by 1 foot 
| Mar. 23,1 o. by 1 foot in sun. 
Mar. 22 10 10 | Mar. 23,1 9; Mar. 24,107, 1to 7 | 38.0 | 88.0 | 61.7 | In small and _ large 
| 2 9; Mar. 25, 30’, 59; cages and on cow. 
Mar. 27, 29,1 o'; Mar. 
28, 20’; Mar. 29, 3c. 
Mar, 27 2 2 | Mar. 28,1 9; Mar. 29,2<', 1to 2] 39.5] 88.0 | 66.3 Do. 
iy 
1918 1918 
Feb. 25 Hi |e Feb. 27,1 7; Feb. 28,1c'--| 2to 3 | 38.0] 97.5 | 66.2 | In laboratory. 
Feb. 26 1 5 | Feb. 28,1 6,3 9; Mar.1, 2to 3 | 38.0] 87.0 | 58.2 Do. 
29. 
Feb. 27 |_____- i! | SiG Vp UE RES SOR Se eee 2 | 38.5 | 87.0 | 56.2 Do. 
Mar. 11 3 1 | Mar. 14, 2 #, 1 9; Mar. 3to 8 | 33.7 | 90.0 | 60.9 | In 1-inch tubes (9 de- 
19,1. posited). . 
Mar. 13 2 1 | Mar.15,1 9; Mar.19,2c@-| 2to 6 | 33.7 | 90.0 | 56.5 Le l-inch tubes with 
eaves. 
1921 1921 ; 
Mar. 7 8 1 | Mar. 14, 27; Mar. 15,4, 7to 9 | 36.0 | 87.0 | 63.4 | In lantern globes with 
1 9; Mar. 16, 2 0’. leaves. 
Mar. 8 8 1 | Mar.12,1 9; Mar. 13,10; 4to 9 | 36.0 | 87.0 | 64.0 
Mar. 15, 1c; Mar. 16, 
4 o'; Mar. 17,2. 
Mar. 12 10 8 | Mar. 13,1 co; Mar. 15,1 0; 1to 8} 51.0 | 87.0} 71.7 | In cage 1 foot by 1 foot 


Mar. 18, 7 7, 8 9; Mar. by 1 foot, with leaves. 
20,10. 
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TABLE 10.—Adult longevity of Hypoderma lineatum at Dallas, Tex.—Continued 


S Te r 
Nene Num mperature | 
Date ber ber Tega ee a 
adults f of Record of death ante Remarks 
emerged @ fe- 8 v - Aver- 
males niales Min. | Max. age 
1921 1921 Days ESE 27 DECC OF 
Mar. 13 1 2 Mart, 16,1 9; Mar.17, 3to 4 | 52.0 | 87.0 | 71.1 ses lantern globes, with 
: eaves. 
Mar. 14 6 3 | Mar.16,1 9; Mar.17,2 <4, 2to 5 | 52.0 | 87.0 | 74.5 Do. 
1 9; Mar. 18, 3¢, 1 9; 
Mar. 19,1 . 
Mar. 15 9 2 | Mar.17,1 &; Mar. 21, 5 o, 2to 7 | 43.0 | 87.0 | 72.1 | In lantern globes, with 
2 9; Mar. 22, 3 co. leaves. Copulated. 
1924 ; 1924 
Feb. 7 Dil Sat as Feb. 13,1 6; Mar.3,1 o---| 6 to 25 | 26.5 | 82.5 | 51.25 | In lantern globes in 
cool room. Outdoor 
temperatures are, 
: given. 
Feb. 9 Qi [Skea Feb. 27,1 &; Mar.1,1 @___| 18 to 21 | 26.5 | 82.5 | 50.93 Do. 
Feb. 14 3 1 | Feb 27, 1 9; Mar.4,2%;| 13 to 23 | 26.5 | 82.5 | 52.55 Do. 
; Mar. 8,1 0. 
Feb. 16 2 1 | Mar. 5,1; Mar.8,1 9;,; 18 to 23 | 25.0 | 77.5 | 51.10 Do. 
Mar.10,1 9. : 
Feb. 18 5 | 5 | Feb. 27,2 61; Mar.1,3 9; 9to17 | 26.5 | 77.5 | 50.37 Do. 
Mar. 3,1 o; Mar.4,1 9; 
Mar. 5,1 6; Mar. 6,1 o, 
1Q. 
Feb. 25 5 3 | Mar. 6,1 @; Mar. 7,16, | 10 to 21 | 25.0 | 77.5 | 49.41 Do. 
29; Mar. 10,1 9; Mar. 
17,30. 


The longevity of H. bovis apparently does not differ much from 
that of H. lineatum. Specimens reared at Dallas, Tex., lived from 
2 to 4 days in cages. In Middletown, N. Y., a number of adults 
were kept in cages in the shade and supplied with green leaves. 
These lived from 4 to 10 days with an average of 6 days. Speci- 
mens of both species captured in nature live in confinement only 1 
or 2 days. 


SEASONAL HISTORY 


There are some distinct differences in the seasonal development of 
H, bovis and H. lineatum. These must be considered in control 
undertakings and they will be pointed out under the several topics 
following. Both species are essentially single brooded. 


SEASON OF ADULT ACTIVITY 


Adults of H. lineatum appear under usual conditions during the 
first warm days of spring. The actual date necessarily varies with 
latitude and altitude as well as with local climatic conditions. It 
appears that in the southern range of #. lineatum the period during 
which adults of that species are active is longer than in any other 
portion of the country. Not infrequently in southwestern Texas 
adults begin to emerge in December and continue to appear during 
warm periods throughout the winter. In this section the maximum 
abundance of adults apparently occurs about the middle of Febru- 
ary. Observations made by D. C. Parman at Uvalde, Tex., indicate 
that during some years, at least, adults may continue to appear until 
about April 1, thus extending the period of adult activity over about 
four months. At Dallas, Tex., the adults rarely, if ever, emerge be- 
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fore February 1 or after April 15. The maximum abundance usually 
occurs between February 20 and March 15. In the plateau region 
of southwestern Texas in certain instances larve have been found to 
mature early enough in the fall to permit of the issuance of a con- 
siderable number of heel flies in the fall. It has not been possible 
to determine if this really takes place, but the finding of a young 
larva in the gullet of a cow on January 4 is fairly conclusive proof 
that some eggs are deposited in October or November. It is certain 
that some heel flies emerge and attack cattle during December, and 
heel-fly activity has been observed on numerous occasions in Jan- 
uary. The season of adult activity in New Mexico, Arizona, and 
California appears to be about the same as observed at Dallas. 
Throughout the central belt of States—that is, between the latitudes 
35 and 45° N.—the period of activity is approximately between 
March 15 and May i, and in the northern tier of States between 
April 1 and June 30. These dates are only approximate, and vary 
much during different years, as well as with altitude and local 
conditions. 

In New York adults of ZH. lineatum may begin oviposition as early 
as the middle of April, are most abundant during the first three 
weeks of May, and cease activity about the end of June. In the 
territory where /7. bovis occurs it is difficult to determine the date of 
cessation of activity of the adults of H. lineatum, since their seasons 
of activity overlap. 

In New York considerable numbers of adults of H. bovis begin to 
oviposit during the first week in June and apparently some emerge 
during the latter part of May. The flies are very annoying to cattle 
during June and the first half of July, are less so during the re- 
mainder of July and the first half of August, and during the re- 
mainder of August and up to the middle of September only strag- 
glers are abroad. Since normal larve have been found in the backs 
of cattle in New York after September 1, some fly activity is possible 
throughout that month. No flies have been seen, however, nor have 
the effects of their attack been noted, after September 14. 

Hadwen (36) states that at Agassiz, British Columbia, adults of 
H. bovis appear in the early part of June and continue up to the be- 
ginning of August, and that adults of H. lineatum were out from 
April 15 to April 24. Carpenter (29) records the emergence of 
adults of H. bovis in June and July, and deposition of eggs of H. 
lineatum on May 8 and June 16, at Athenry, Ireland. 

The season of oviposition of both species is about coincident with 
that of adult emergence. " 


SEASONAL DEVELOPMENT OF LARVZ 


Rather abundant data regarding the seasonal occurrence of larve 
of H. lineatwm in the gullets and viscera of cattle are presented on 
page 47 and Tables 3 and 4. In general, approximately two and one- 
half months elapse between the deposition of eggs and the earliest 
appearance of larve in the gullets. 

In the vicinity of Dallas, Tex., the larve first appear in the sub- 
mucosa of the gullets of cattle at about the end of March and con- 
tinue to enter that organ until the maximum is reached during Sep- 
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tember. There is then a gradual reduction in numbers until about 
January 1, when all have migrated from the gullet. 

In southwestern Texas the larve begin to reach the gullets dis- 
tinctly earlier than at Dallas, thus closely conforming with the 
earlier appearance of adults in that region. The earliest larva ob- 
served by the writers to appear in a gullet was a single specimen 4.2 
millimeters in length taken from an animal slaughtered in a Fort 
Worth, Tex., packing house on January 4, 1924. This specimen evi- 
dently developed from eggs deposited the previous fall. 

At Herkimer, N. Y., larvee began to appear in the gullet about the 
middle of July and the last larve left that organ about April 1. 
Thus it is certain that the larve are to be found in the gullets for 
about nine months. 7 

The seasonal prevalence of larve in the subcutaneous tissues of 
the backs of cattle is closely correlated with the time when the larve 
reach the maximum size attained by them in the gullet, and to some 
extent with the period of adult activity. Knowledge of this subject 
is of vital importance in connection with any control procedure, yet 
the information published is meager in the extreme. 

The earlest appearances in the United States of larve of ZH. 
lineatum in the backs of cattle occur in the plateau region of 
western Texas. On August 10, 1919, at Roosevelt, Tex., O. G. 
Babcock observed grubs in considerable numbers in the backs of 
cattle. A few collected on August 12 showed some to be in the 
early fifth stage. Thus they must have appeared on the backs 
about July 15. In 1928 fifth-stage larvee were found by Mr. Babcock 
at Sonora, Tex., on August 22. These must have reached the backs 
of the cattle about July 30. At Uvalde, Tex., records made by 
D. C. Parman during several years show that the first appearance of 
larvee in the backs of cattle is later than it is in the plateau region 
to the north. The earliest appearance noted at Uvalde was on 
August 12, 1918. The larvee in this case evidently had been present 
about 10 days. 

Mr. Parman’s records at Uvalde indicate that larve usually 
begin to appear under the skin about the middle of September. 
Some years, however, they may appear as late as October 9, as 
was observed in 1920. During that season the maximum number 
present was noted on January 15. 

At Dallas, Tex., fairly accurate records of the earliest appearance 
of larve in the subdermal tissue have been made in 10 different 
years, during the period from 1907 to 1922. These dates have 
been rather uniform, ranging from about October 10 in 1914 and 
1918 to October 30 in 1916. The year 1923 was an exception, as 
in that year the larvee appeared about September 8. 

At Herkimer, N. Y., the date of appearance of larve of ZH. 
lineatum in the subdermal tissue of the backs of cattle was found 
in 1920 to be about March 1, and in 1922 about February 6. At 
Middletown, N. Y., in 1920 larve of H. lineatum came to the backs 
about February 12, and in 1923 about February 1. At Watertown, 
N. Y., in 1920 the date of earliest appearance was about March 3. 
In Kane County, Ill., C. C. Compton found a single small larva in 
one of 200 cattle examined on February 7, 1924, thus showing the 
earliest appearance to be soon after February 1. Subsequent col- 
lections made by Mr, Compton indicate that this date is sub- 
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stantially correct for that section in 1924. W. H. Brittain has 
sent the writers specimens collected by W. E. Whitehead at in- 
tervals during the spring of 1924 from cattle at Truro, Nova Scotia. 
In an examination of a large number of cattle by Doctor Whitehead 
on March 24 only 3 grubs were found. The largest one had been 
in the back about 10 days. Records sent the writers by C. J. Drake 
on collections of larve made by E. W. Dunnam and others at 
Ames, lowa, indicate that larve of H. lineatum first reached the 
backs m 1923 about January 8, and in 1924 about January 20. 
Hundreds of collections have been made by the writers and by 
correspondents throughout the country, and with these records as 
a basis the dates of appearance of the earliest larvee of H. lineatum 
have been estimated and the accompanying map (fig. 33) constructed. 
Unfortunately, as the number of accurate records of the time of 
first appearance is small, many discrepancies will be found, but it 


Fic. 33.—Hypoderma lineatum: Date zones of first appearance of grubs in backs of 
cattle, in the United States 


is hoped that the data available will serve a useful purpose in 
control undertakings and also stimulate others to add to these much 
needed records. 

The date when the first larvee become mature and leave the host 
is an important one from an economic point of view. This date is 
necessarily closely correlated with the date when the first grubs of 
the season reach the back. It seems extremely rare for these earliest 
grubs to complete their development in the minimum time, hence 
the first emergence of larve from the cattle should be expected to 
take place about 45 days after the grubs first reach the back. At 
Dallas the earliest larvee become mature and begin leaving the host 
between December 1 and 15 during average years. The follow- 
ing are the approximate dates when mature larve began emerging 
from cattle at Middletown, N.- Y.: In 1920, March 26; in 1922, 
March 16; and in 1923, March 19, 
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The time of maximum abundance of larve in the backs of cattle 
varies considerably in different herds and during different years. At 
Dallas, Tex., this maximum usually occurs, on the average, about 
January 10, and at Uvalde, Tex., about December 15. 

The date when the last grub leaves the cattle varies considerably 
in different herds, as well as in different localities and during a 
series of years. This point is of little economic importance for ZH. 
lineatum in those States where H. bovis also occurs, for the latter 
always persists in the hosts later in the season, and the two species 
must be dealt with asa unit. At Dallas, Tex., the date when cattle 
become free from grubs in their backs has been determined during 
several years. In 1915 this date was March 20; in 1916, April 12; 
in 1917, March 18; in 1919, March 15; in 1921, March 20; and in 
1922, March 16. At Uvalde, Tex., Mr. Parman has observed the 
cattle to become free of grubs between January 20 and April 12. It 
is interesting to note that Mr. Babcock found two specimens of 
H. lineatum in the back of a cow at San Angelo, Tex., on March 20, 
1924. ‘These larvee would not have been mature in less than 15 days. 
Since the grubs of this generation began to appear in the backs of 
cattle in that region about August 2, there is a remarkable and very 
unusual period of infestation of the backs of cattle of about eight 
months. Thus it appears that there is a wider variation from year 
to year in this respect in southwestern Texas than occurs elsewhere. 
A very general idea of the time when all larve of H. lineatum 
have emerged from the cattle may be gained from the following 
dates: March 1, southern Arizona and southern California; March 
15; Alabama, Georgia, North Carolina, Oklahoma, and southern New 
Mexico; April 15, Maryland, Missouri, and Nevada; May 1, Penn- 
sylvania, Indiana, Colorado, Idaho, and Washington; June 1, North 
Dakota and Michigan; June 15, New York and Montana. Observa- 
tions made by W. E. Dove in 1924 indicate that all larve of Z. 
lineatum would have left the cattle in the vicinity of Aberdeen, 
S. Dak., about May 5, and at Minot and Dickinson, N. Dak., and at 
Moorhead, Minn., about May 10. The season, however, was more 
advanced that spring than usual. On May 1, 1924, all grubs were 
found to have emerged from cattle at Sioux Falls, S. Dak. 

In general the duration of the infestation of the backs of cattle 
in H. bovis is longer than in ZH. lineatum. This is brought about 
through the longer developmental period of the larvee in this situa- 
tion and the wider spread of time between the date the first larvae of 
H, bovis reach the back and the date the last ones appear there. 
The writers’ records indicate that the earliest larve of H. bovis reach 
the subcutaneous tissues from one to two weeks after those of H. 
lineatum. On the other hand, the larve of H. lineatum arrive 
that portion of the host in much larger numbers proportionately 
during the first month or six weeks following their first appearance. 

The writers have checked closely the’ earliest appearance of larvee 
of H. bovis in the subdermal tissues, as well as the time of dropping 
of the last grubs in herds of cattle in New York during three seasons. 
The earliest appearance of H. bovis was February 2 in 1923 in 
Orange County, N. Y. In 1920 they appeared about February 26, 
and in 1922 about February 22. At Herkimer they first reached the 
subderma] tissues about March 8 in 1920, April 15 in 1921, and 
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February 20 in 1923. The last date on which a third-stage larva 
was observed to reach the region of the back was June 6, 1922, at 
Middletown, N. Y. The record of earliest dropping of a mature 
grub of this species at Middletown was April 11, in 1923. Emer- 
gence from the host probably begins rather later than this on the 
average. In New York the maximum number of grubs of this species 
in hosts occurs about May 1. 

Judging by collections and observations made in other States 
the seasonal occurrence of 7. bovis tallies rather closely with that 
noted in New York. One record of earlier appearance has been 
made in western Pennsylvania, where in 1916 the grubs reached 
the back about January 25. That year grubs seemed to have been 
exceptionally early, especially in the Northeastern States. The dates 
of earliest appearance in the backs of cattle as calculated from ob- 
servations and collections in some of the infested territory are as 
follows: Maine, February 15; New Hampshire, February 8; Ver- 
mont, February 20; New Jersey, February 10; Ohio, February 8; 
Indiana, February 3; Illinois, February 5; Michigan, February 25; 
Wisconsin, March 2; Iowa, February 15; Wyoming, February 15; 
Washington, February 8. These dates are presented to give a 
general idea of the time of earliest appearance of larvee of H. bovis 
in the subdermal tissues. It is recognized that they are not based 
on continuous accurate observations and that they will vary in 
different parts of a State and during different seasons. 

The date when all the grubs leave the host has been found to 
vary widely and in general to be much later than has been sup- 
posed. In New York in both Orange and Herkimer Counties most 
of the grubs are out of the backs of cattle by August 1, but 
healthy specimens have been taken as late as September 2 in 1922 
at. Middletown and August 30 during the same year at Herkimer. 
Collections of H. bovis made by W. E. Dove at Aberdeen, 8. Dak., on 
April 21, 1924, indicate that the cattle would be free from grubs in 
that locality about May 15. ) 

It is worthy of note that the development of grubs in cattle in- 
fested in the North and shipped into the South agrees closely with 
that which occurs in the native habitat of the species. For instance, 
infested cattle shipped to Miami, Fla., from Syracuse, N. Y., during 
the winter showed a good infestation of well matured grubs on 
May 25. Larve of H. bovis in cows shipped from Michigan to 
Dallas, Tex., continued to develop and emerge normally up to June 
3, when the last one dropped. 

In Ireland, Carpenter, Phibbs, and Slattery (29) record the 
presence of larve of ZH. lineatum in the backs of cattle on March 
29, and a few larve of H. bovis were still present on June 10. 
Lehmann (59) and Vaney (/05) found the highest percentage of 
grubby hides to occur in July in the Lyonnaise region of France. 


NATURAL CONTROL 


The combined action of all agencies of natural control has a 
marked effect on the abundance of both species of Hypoderma. 
This is true even in areas where the pest is at its worst. 
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Birds undoubtedly destroy many larvee as they drop to the ground 
after emerging from the backs of cattle. The pupe also are subject 
to attack, since they often remain exposed on the surface of the 
soil or only slightly covered. Several instances were observed 
in New York in which robins (Planesticus migratorius) devoured 
larve of H. bovis with avidity. In one case a larva under observa- 
tion as it burrowed into the soil was seen by a robin sitting on a 
fence. The robin flew down, picked up the larva, and escaped with 
it before the bird could be frightened away. This larva was almost 
covered by the soil as it burrowed in. Species of the larger ground 
birds undoubtedly destroy many larve. Henry Polson of Mountain- 
view, Wyo., makes the following statement: “Sometimes magpies 
pick holes in the backs of the cattle, trying to get the grubs out, 
causing sores.” In rather extensive observations made by one of 
the writers in areas where magpies (Pica pica hudsonia) abound, 
this action has not been seen, hence it is thought to be rare. 

Many larve which emerge from cattle in the barnyards where 
poultry range are destroyed by fowls. Chickens have been observed 
to devour greedily considerable numbers of mature larvee when fed 
to them. 

It is probable that small rodents destroy many larve and pupe. 
Stegmann (94) states that the pupe on the ground are destroyed 


by moles. 
INSECT ENEMIES 


No predacious insects have been observed to attack the larve or 
pup of Hypoderma in the United States, and it is thought that 
they are not an important factor in control. 

No parasites have been found in nature, but very few pupe have 
been recovered after exposure in fields. The writers have reared a 
considerable number of specimens of Vasonia brevicornis Ashm. from 
pupe kept in screen cages in an outdoor insectary, in more or less 
close association with parasitized pup of muscoid flies. 

A. Gansser, of the Warble Committee of Switzerland, states in a 
letter that he thinks that a hymenopterous parasite which has not 
been determined is an important factor in control in that region. 


FUNGOUS GROWTHS 


The writers have observed the growth of molds on and in the 
puparia of Hypoderma, and there is some reason to believe that the 
insects may be attacked in some cases. lLucet (63) expresses the 
opinion that in France certian fungi destroy the pupe. 


EFFECT OF SUBMERGENCE ON LARVZ AND PUPZ 


In 1921 a considerable number of extracted larvee of H. lineatwm 
were submerged in water for periods ranging from 3 to 23 hours. 
These periods apparently had very little effect on the larve; at least 
the percentage found dead at the end of three days was not greater 
than in the untreated groups. During 1922 five mature larve were 
submerged from 114 to 19 hours. The larva submerged the shortest 
period produced an adult in normal time, but the four submerged 
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614 to 19 hours failed to transform. In 1924 six larve which had 
emerged normally from a host were submerged in lots of two for 
24, 30, and 40 hours. Adults emerged from all of these in normal 
time. Two pupe were also submerged for 30 hours and both -trans- 
formed to adults. 

Six mature larve of 7. bovis were submerged in water for periods 
ranging from 49 to 122 hours. All except one, which was submerged 
for 121 hours, produced adults in about the normal length of time. 

From these tests it is clear that these stages are not easily drowned, 
and this might enable them to survive carriage for considerable 
distances by flood waters. 


CLIMATIC CHECKS 


Climatic conditions undoubtedly have a marked effect on the 
distribution and abundance of Hypoderma. The relationship be- 
tween climate and the distribution of the two species of Hypoderma 
has been discussed in a general way under the heading “Distribution.” 

One of the writers (4) has made the statement that he believes 
that climatic barriers have prevented the general dissemination of 
H. bovis throughout the United States. He says, 

One explanation of this possible barrier will be found in the fact that H. 
bovis is generally later in emerging from the backs of cattle than AH. lineatum. 
The grubs emerging from the backs of cattle shipped to the Southern States 
would, on account of their later emergence, encounter excessively hot weather, 
and this may account in part at least for the failure of the species tu es- 
tablish itself in the warmer portions of the country. 

No facts appear to have come to light since the publication of the 
foregoing statement which would tend to disprove this conclusion. 
7. tineatwin establishes itself in new sections with less difficulty, and 
uninfested areas are less general with this species. It must be recog- 
nized, however, that meteorological conditions are potent factors in 
limiting its abundance as a parasite of cattle. 

Climatic conditions appear to have very little direct effect upon 
the development of the grubs within the host. Climatic influences 
are therefore restricted to the portion of the year when the insects 
are separated from their hosts; that is, while they are in the pupal 
and adult stages. 

Among the several meteorological factors which affect Hypo- 
derma, rainfall and humidity during the pupal and adult stages are 
probably the most important. It has been found that where the soil 
beneath pupe is kept very moist the mortality is extremely high. 
Under such conditions some of the insects appear to die before 
development has proceeded very far, and others transform to adults 
but are unable to escape from the puparia. This appears to be due 
to the large size of the abdomens, which are not reduced sufliciently 
through evaporation to allow them to be withdrawn from the pu-- 
paria. Heavy rains coming at the time the adults emerge may de- 
stroy many of them, and continuous rainy or even very cloudy 
weather sfter the emergence of the adults will prohibit oviposition. 
Since the longevity of the flies is limited, adverse weather conditions 
of comparatively short duration will prevent individuals from oOvi- 
positing. Owing to the fact that large numbers of flies usually 
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emerge at approximately the same time, regardless of the time the 
pupe may have been formed, rainy weather immediately after 
emergence of one of these large groups of flies may affect materially 
the infestation of the following year. 

Clouds have been mentioned as being a factor in repressing ovipo- 
sition. Their influence is felt only by the adult insect, as cloudy 
weather in the absence of unusual precipitation does not seem to 
affect the development of the pupz, except possibly to prolong 
slightly the pupal stage. 

Winds apparently have a double influence: In the first place 
they cause a more rapid drying of the surface soil, which would 
benefit the pupze; and secondly they have an adverse effect upon 
oviposition, since the flies, especially those of H. lineatum, will not 
oviposit freely in a strong wind. ‘This influence is less potent than 
the others, however, since it is not so generally operative. Cattle 
congregated in places protected from the wind are frequently at- 
tacked by heel flies. 

Temperature conditions probably rank next to precipitation in 
their effect on these species. Periods of unusually warm weather 
in the winter or early spring often tend to cause the emergence of 
flies which are destroyed by succeeding days of cold or rainy weather. 

As is generally known, warm bright days are most favorable for 
the activity of H. lineatum. It is probable, however, that during 
periods of high temperature, that is, when the daily maxima run 
above 95° F., the total number of eggs laid by a fly is reduced. 
When such higher temperatures are reached, oviposition occurs 
mostly before the hottest part of the day. The destructive effect of 
the direct rays of the sun on both H. lineatum and H. bovis is appar- 
ent when caged flies are placed in the sun during moderately warm 
weather. They become very active and fly most of the time, soon 
weakening and falling to the bottom of the cage where they die, 
sometimes very suddenly. 

Oviposition of H. lineatum takes place at surprisingly low tem- 
peratures if the sun in shining. Often adults are active during the 
day when the minimum temperature in the morning ranges between 
19 and 22° F. Flies have been observed to oviposit when the tem- 
perature was as low as 45° F., the maximum temperature for the 
day being 46° F. There seems to be no doubt that heat is an im- 
portant factor in restricting the southern spread of H. bovis. 

Mature larve and pupe can withstand rather low temperatures. 
The pup appear to be more resistant to cold than the larve. A 
considerable number of observations have been made by the writers 
on the effect of cold on these stages of HZ. lineatum at Dallas, Tex., 
but the minimum fatal temperature has not been determined with 
accuracy. In 1918, when a minimum temperature of 3.5° F. was 
reached, the larval and pupal transformations of a number of speci- 
mens was under observation. Considerable protection was afforded 
these and a good percentage of adults emerged. Among a number of 
larvee and pupe exposed to 9.5° F. an adult emergence of 54.5 per 
cent was secured. Im other series of specimens which experienced 
minimum temperatures of about 19° F. approximately 68 per cent 
produced adults. This is not much below the percentage of emer- 
gence under outdoor conditions where the temperatures do not drop 
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below freezing. A mature larva of H. Lineatwm placed in a freezing 
room for 24 hours at a temperature of about 7° F. failed to pupate, 
whereas a fresh pupa exposed in the same way produced a normal 
adult. Nine mature larve of H. bovis subjected for from 24 to 
26 hours to temperatures in a freezing room of 7 to 9° F. failed 
to pupate. Five larve of this species placed in the room at 25 
to 29° F. for 26 hours gave an adult emergence of 80 per cent, and 
five larvee kept at from 32 to 33° F. for 14 days pupated promptly 
upon removal and 60 per cent emerged. 


SOIL CONDITIONS AND DRAINAGE 


Naturally soil character and drainage are linked with rainfall 
in their relationship to Hypoderma. The writers’ observations in- 
dicate that porous, well-drained soils are more favorable for Hy- 
poderma than heavy, flat-lying lands. 

In the valley of the Red River of the North, where Hypoderma 
seldom occurs, there is probably a soil condition which prevents 
fully developed larve from producing adults. Jt is known that 
animals infested with Hypoderma have been shipped into that sec- 
tion, but the pest -has never become well established. 


HOST RESISTANCE AND OTHER CONTROL FACTORS 


The great disparity in the number of grubs found in different. 
cattle in the same herd is well known. The writers’ investigations 
indicate that this difference in degree of infestation is brought 
about by a combination of several causes. Probably the main rea- 
son why one animal will show a heavy infestation of grubs while 
another will be free from grubs or comparatively so, is that there was 
a marked difference in the number of eggs which were attached to 
them. The reason why one animal may receive a much larger 
number of eggs than another, however, is not altogether apparent. 
Certainly the element of chance enters here strongly. The indi- 
vidual idiosyneracies of the animals are also factors. Some ani- 
mals seem more able to detect the presence of flies than others and 
secure protection from them. 

A large series of observations made on individual animals year 
after year shows that the extent of infestation may vary greatly. 
The writers have found, however, that certain animals are uni- 
formly resistant to the grubs from the time the eggs hatch to the 
time the larve complete their development or die within the host. 
This individual resistance is probably due in a large measure, as 
pointed out by Hadwen (35, 40), to eosinophilia. That there is 
a very definite reaction against the larve is apparent when they 
penetrate the skin of such resistant hosts. The exudate at the point 
of entrance is usually more profuse than ordinarily, and the infil- 
tration of the connective tissue beneath is pronounced. Apparently 
this strong reaction against the invading parasite is present 
throughout its course in the body of the animal, It is after the 
larve have reached the subcutaneous tissues of the back, however, 
that the destruction of the larve is most apparent. The reaction 
against the larve appears to differ considerably in different hosts. 
In some, large swellings occur; in others, the reaction seems to be 
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more localized. In the latter case there is a tendency for the skin 
to close the grub opening and cut off its air supply. In certain 
animals there is also a strong tendency to form pus in and about 
the cyst, and in such cases the grubs usually die. The writers’ obser- 
vations show that the mortality in the subcutaneous tissues of the 
back is very high. Their figures indicate that 60.5 per cent of those 
which have cut holes through the skin die before reaching maturity. 
Of this percentage approximately 16 per cent succumb in the third 
stage, 46 per cent in the fourth stage, and 38 per cent in the fifth 
stage. It appears also that occasionally third-stage larvee which 
reach the subdermal tissues die before they succeed in cutting 
through the skin. 

There is a marked difference in the degree of infestation of 
animals of different ages. Young stock, notably animals from 1 to 
3 years old, almost always show a higher percentage of infestation 
than mature animals. There is also some reason to believe that as 
cattle become very old the degree of infestation is again increased. 
Seymour-Jones (97) advances the theory that in young stock the 
tenderness of the muscle (pannéculus carnosus) immediately under 
the skin enables the grubs to penetrate them, whereas in older cattle 
they do not all get through. 

Hadwen (35, 40) is of the opinion that the difference in de- 
gree of infestation between young and matured animals may be 
explained by a gradual development of immunity following the 
repeated attacks of parasites. He believes that a first invasion of 
parasites in an unresisting host stimulates the production of both 
antisubstances and eosinophiles to neutralize their cast-off products, 
and in addition to this, that there must be a third substance which is 
antagonistic to the parasites themselves; he believes that this sub- 
stance 1s secreted by the eosinophiles, and that it paralyzes or kills 
the parasites which are surrounded by the eosinophiles in the tissues. 

The writers believe that the difference in the number of grubs 
found in young and old cattle may be explained in part by this 
reaction, but that other factors enter into the question. In general, 
young animals are more exposed to the attack of the flies, both be- 
cause they are not housed so long in the spring and because they are 
seldom placed in barns during the time when the flies are oviposit- 
ing. It is also true that the young stock are frequently not as well 
fed as the older animals. The statement is made frequently by 
dairymen and stockmen that poor animals are more heavily in- 
fested than fat ones. The writers have observed many instances in 
which very fat animals were fairly well infested with grubs, but 
their observations indicate that the poor cattle are usually more 
heavily infested. It appears logical to believe that well fed, healthy 
animals have more natural resistance to grubs than those in poor 
flesh and with lower vitality. It is also certain that cattle in an 
extremely impoverished condition will fall more ready prey to 
the flies at the time of oviposition. It seems evident, however, that 
the presence of a large number of grubs, especially in cattle not re- 
ceiving an optimum amount of feed, will reduce flesh condition. 

No marked difference in susceptibility seems to exist in different 
breeds. When water or shade is readily available it serves as a 
means of partially protecting from infestation the stock which have 
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access to it. Large numbers of grubs and pup are destroyed by 
the walking of the cattle, especially in pastures where the animals 
are concentrated. 

ARTIFICIAL CONTROL 


In considering control or eradication it should be borne in mind 
that the flies do not feed, nor have any habits been noted which 
could be utilized in accomplishing their destruction. The flies 
also do not seem to be sensitive to the presence of foreign materials 
on the host, and therefore are not easily repelled. The egg stage 
is comparatively short, hence any treatment directed against 1t must 
be applied frequently. During the greater part of the year the 
larve are protected within the body of the host; that is, from the 
time of penetration immediately after the hatching of the eggs 
to the appearance of the third-stage grubs in the subdermal tissues 
of the back. There is, however, a rather definite period, usually 
not exceeding four months, during the fall, winter, and spring, 
varying according to latitude, during which the grubs are localized 
in the backs of the cattle where they may be reached through the 
apertures in the skin. The fact that both species are practically 
incapable of developing in hosts other than cattle is also a point 
of distinct advantage in any control procedure attempted. 


POSSIBILITIES OF CHECKING THE SPREAD OF HYPODERMA 


No effort has been made in this country to check the spread of 
either species of Hypoderma. In fact H. lineatwm appears to have 
long since established itself in all parts of the United States where it 
is capable of existing. H. bovis, on the other hand, is much more re- 
stricted in distribution and it appears that it is capable of becoming 
much more widely disseminated in this country. 

It is probable that H. bovis, which at this time occurs west of the 
Mississippi River only in scattered localities in the Northern States, 
may cover that region solidly and extend its range well south along 
the mountain ranges. Hewitt (42, 43, and 44) and others have 
stated that Hypoderma appears to be increasing in abundance in 
Manitoba. The importance of HZ. bovis as a cattle pest is sufficient 
to warrant serious consideration of ways and means of checking its 
spread in this country. It may not be advisable to take legal steps 
to meet the situation, but certainly stock raisers should recognize the 
danger of bringing cattle infested with H. bovis into regions where 
that pest does not exist, and take due precautions to destroy all grubs 
which reach the subcutaneous tissues of the backs during the spring 
and summer following the arrival of the cattle. Certain uninfested 
foreign countries have enacted legislation designed to prevent the es- 
tablishment of Hypoderma. Australia (2), for instance, has a law 
prohibiting the introduction of cattle from the United States, the 
British Isles, and other infested countries except during the period 
from December 1 to May 31. Present knowledge of the seasonal 
history of Hypoderma shows clearly that such a restriction would 
not give a complete protection against the introduction of the pests. 


It would appear, however, that some system by which the animals 
could be kept under surveillance and all grubs destroyed during 


the period of one full year after importation would be effective, 
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EFFECT OF BURIAL ON LARVA AND PUPA 


It is difficult to say just what degree of control is effected through 
plowing. From reports on the abundance of grubs in cattle in the 
Central States in the eighties as compared with the number of grubs 
in the same regions now, it apears that there has been a decrease in 
abundance. Many think that the restriction of pastures to compara- 
tively small areas and more general and intensive cultivation are 
largely responsible for this. It is reasonable to suppose that plowing 
fields where larve and pups occur would destroy many of them. 

Several mature larvee and freshly formed pupe of A. lineatwm 
were buried in sand and black clay soil, at depths of from 214 to 4 
inches. In most instances the larve worked their way to the surface 
in a short time and pupated on top of the soil. In the black clay the 
flies emerged in about the normal time and pushed out of the soil 
even when the pupe were buried to a depth of 4 inches. In the fine 
sand, however, the flies were found to have emerged and worked up- 
ward about half an inch from the puparia, where they died and were 
found later with a comparatively hard cell of sand formed around 
them. 

Many larve in pastures undoubtedly become covered with manure, 
as are those that drop in barns and are shoveled out with the dung. 
To test the effect of burial under such conditions four mature larvee 
were placed on a board and a large fresh cow dropping was laid on 
them. None of them moved from where they were placed. Three 
of them died without pupating and the other died as a half-developed 
fly. This preliminary test probably indicates that burial in fresh ~ 
cow manure is very destructive and that many larvee are destroyed 
in this way, since often a large percentage of the grubs leave the 
hosts in the barns. 

Some larve of H. bovis buried from 1 to 6 inches in both clay and 
sand came to the surface, while others pupated near where they were 
buried. Some flies emerged from pupe buried to a depth of 6 inches, 
but apparently the burial below 3 inches was detrimental, especially 
if the soil was very moist. 


PROTECTION OF CATTLE BY HOUSING AND NATURAL BARRIERS 


There are abundant examples of the great reduction of infestations 
effected by housing the herd during the periods of fly activity. Some 
dairymen leave their barns open or provide sheds which the cattle 
can enter when attacked by the flies. The flies, however, have con- 
siderable opportunity to deposit eggs on the cattle before they can 
get into the buildings. Such an arrangement has the advantage of 
allowing the cattle to excape from continued annoyance and fright, 
which is inevitable when no protection is afforded. Since the flies 
will oviposit in the broken shade supplied by trees, the presence of 
woods in a pasture will not greatly reduce infestation, but is bene- 
ficial in that the worry to the catttle is lessened. Streams afford 
effective protection against H. lineatum, but less against H. bovis. 
The excitement, however, is greatly relieved and milk flow main- 
tained when cattle have access te streams or ponds. There is danger 
of some injury to cattle, however, from standing in mud and water 
for long periods when weather is favorable for continued fly activity. 
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The construction of sheds is advisable where they will perform 
the double service of protecting the stock against heel flies and from 
adverse climatic conditions. 


REPELLENTS AGAINST HEEL FLIES 


For many years various ill-smelling applications have been used 
with the view of protecting cattle from the attack of heel or warble 
fiies. Prior to the last few years, during which our knowledge of 
the life history of these pests has clearly showed that the eggs are 
not deposited on the backs of the cattle, it was the custom to use 
various repellent smears and washes upon the backs of cattle. As 
it is now known that the eggs are deposited largely on the legs and 
lower portions of the body, the futility of this practice is at once 
evident. Inquiry into the results of the application of fly sprays 
has led the writers to conclude that the claims that they are efficient 
against grubs are unfounded. 

The fact that the adults of Hypoderma do not partake of food 
would suggest that their reaction toward attractant and repellent 
chemicals or other substances would be less than in those species 
which have the senses developed to aid them in finding food or breed- 
ing places. The writers’ experiments and observations along this 
line seem to bear out this conclusion. It appears probable that the 
application on the animals of materials which tend to cover the hair 
or mat it together may affect oviposition more than those materials 
possessing various odors supposed to be repellent. The experiments 
in this field, however, have not been sufficiently extensive to enable 
final conclusions to be drawn. 

During 1919 a dairy herd of 61 animals was used in tests of the 
application of repellents and solvent solutions, as follows: 2 per cent 
compound solution of cresol, 10 per cent solution of acetic acid, un- 
diluted fuel oil (petroleum), and a mixture of 1 gallon of fish oil 
with 1 pint of commercial pine tar. These materials were applied 
to the legs of cattle, some with a spray pump and others with a 
brush. The applications were made at about 4-day intervals during 
the period when heel flies were active. While the treatments were 
being administered heel-fly eggs were found on several of the treated 
animals. Some were even present on the legs of those treated with 
petroleum, and on those treated with a mixture of fish oil and pine 
tar. 

Observations made incidentally in the experiments discussed under 
“ Destruction of eggs or larve by the use of wading vats” indicate 
that the application of 2 per cent coal-tar creosote dips at 4-day in- 
tervals has no marked effect in repelling flies. The same is true of 
wading-vat experiments with arsenical solutions. 

On a number of occasions where cattle waded and got their feet 
and legs well covered with mud the flies were found to deposit their 
eggs freely on the legs above it. The application of gummy mate- 
vials to the entire animal has not been tried, but this would hardly 
seem feasible from a practical viewpoint. 


DESTRUCTION OF EGGS OR LARV4 BY THE USE OF WADING VATS 


The fact that a considerable percentage of the eggs of Hypoderma 
are laid on the lower legs at once suggests the possibility of destroy- 
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ing the eggs or young larve as they hatch, by applying insecticides 
to those portions. One of the most convenient and effective methods 
of accomplishing this is through the utilization of shallow vats. 
In 1918 experiments were begun to determine the effect on the 
infestation of dairy cattle of the use of standard arsenical solution. 
One-half of the cows in a dairy herd was allowed to pass through 
a wading vat containing the solution about 1 foot deep, at invervals 
of four days. The other half of the herd was not treated, being 
kept as a check. In the first year’s test 16 cows were treated and 
the following season these were found to be infested to almost iden- 
tically the same degree as the 16 cows which were not treated. In 
1919 the same herd was utilized in a test under similar conditions, 
a standard sodium arsenite solution containing about 19 per cent 
arsenic trioxide being used in the vat. The following season the 
dipped cows had an average infestation of 7.18 grubs per animal 
and the untreated cows showed an average of 5.65 grubs per animal. 
During the spring of 1920 the same herd was again utilized in the 
same way, except that 18 cows were treated. For charging the 
vat in this experiment a commercial arsenical dip was used which 
in concentrated form was said to contain about 9 per cent of cresol 
salts. In the first two treatments the strength of the solution was 
about 0.19 per cent arsenious oxide. Subsequently this was raised 
to approximately 0.22 per cent. The following spring the treated 
cattle showed an average infestation of 2.5 grubs per head and 
the untreated ones an average infestation of 3.33 grubs each. During 
the spring of 1919 another dairy herd was utilized. Thirteen cows 
representative of the herd in age and breeding were passed through 
a wading vat at 4-day intervals and 14 cows were utilized as a 
control. In this case the vat was charged with a commercial coal- 
tar creosote dip diluted to about 2 per cent. The following season 
a careful check of the grubs in the treated cattle showed an average 
of 6.58 per animal, and the untreated animals showed an average 
of 3.84 grubs each. The following year a similar test was carried 
out at the same dairy. A count of the grubs present in the treated 
and untreated groups made on December 30 showed an average of 
6 per animal in the case of the former group and 8.14 in the latter. 
In a subsequent examination made on February 7, the treated animals 
showed an average infestation of 2.75 grubs each and the untreated 
animals an average of 2.67 each. 

It is possible that better protection would be afforded should the 
dipping be done every day. It would not be feasible, however, to 
dip so frequently with the strengths of solutions used and endeavor 
to cover a greater portion of the legs by having the solution deeper 
in the vats. In the experiments mentioned, the walking of the cows 
through the vats, which were 10 feet long at the bottom and 18 feet 
long at the top, brought the material into contact with the legs con- 
siderably higher up than the actual depth of the dip (1 foot). In 
fact it was found that the udders and bellies of the cattle were fairly 
well drenched, especially on the cows that were inclined to hurry 
through the vat. 

Imes and Schneider (48) have published results of tests with the 
application of used automobile cylinder oil, sodium silicate, and coal- 
tar creosote dip by spraying and wading the cattle through vats 
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similar to those used in the experiments described above. They con- 
cluded that the treatments had a very material effect on the infesta- 
tion the following season. Since only 10 animals were used in the 
test the great variation in the degree of infestation may readily be 
due to causes other than the effect of the treatments. Subsequent ex- 
periments conducted by the Bureau of Animal Industry, however, 
are said to show that a satisfactory degree of control may be brought 
about in range cattle through the use of wading vats (68). 

Studies of the distribution of the eggs of both species of Hypo- 
derma made by the writers show that a large percentage of the eges 
are deposited elsewhere than on the legs. This is particularly true 
with ZH. bovis, which deposits many eggs above the hock joint. It is 
also the case with the deposition of eggs on dairy or quiet farm cattle 
by H. lineatum. As has been pointed out in preceding pages, the 
flies often approach such cattle while lying down and deposit large 
numbers of eggs on the escutcheon, tail, and elsewhere, all of which 
would be unaffected by dips applied in wading vats. 


LABORATORY TESTS OF DIPS ON EGGS OF HYPODERMA LINEATUM | 


Several authors have suggested the use of sprays or washes con- 
taining materials designed to dissolve the attachment of eggs of cer- 
tain species of Oestridae. Acetic acid is one of those which has been 
advocated for this purpose. Tests were conducted during 1919 in 
which eggs of H. lineatum were submerged in a 10 per cent solution 
of acetic acid for periods varying from 3 minutes to 5 days. Follow- 
ing this treatment the eggs were allowed to dry for periods ranging 
from 30 minutes to 13 days, and then the firmness of attachment of 
the eggs to the hairs was tested by scraping and pulling them with 
a dissecting needle or forceps. In every instance the eggs were found 
to be firmly attached. In most cases the eggshells would tear in two 
without their attachment to the hair being disturbed. 

Hairs bearing eggs of H. lineatum were also submerged for a few 
seconds in 2 per cent coal-tar creosote dips and kept in incubators to 
determine if the eggs would be destroyed. In one of these tests 29 
eggs were submerged three times for an instant in 2 per cent creosote 
dip at 3 p. m. and then placed in an incubator at 90° F. The fol- 
lowing morning one larva had hatched and was very active. During 
the day a total of 21 larvee hatched from these eggs and were appar- 
ently normal. Twenty eggs from the same lot mentioned above were 
given three dippings as in the previous lot and on the following 
morning they were again dipped in 2 per cent creosote dip and 
returned to the incubator. These did not begin hatching until the 
afternoon of March 25, a full day later than those in the previous 
lot which were submerged but once. Sixteen or seventeen larvee, 
however, hatched from the 20 eggs and all were apparently normal. 
Another series of 26 eggs which were about one-half through their 
normal period of incubation were dipped in a 2 per cent solution of 
a coal-tar creosote dip and placed in an incubator. From these, 19, 
or 73.08 per cent, of the eggs hatched normally. In still another test 
34 eggs were dipped in 2 per cent creosote dip before they were due 
to hatch. An hour later 10 larvee had hatched and were active. No 
other larve emerged, thus making a hatch of 29.4 per cent, whereas 
in a check lot the hatch was 31.8 per cent. 
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In 1923 two series of tests were made. In the first of these 192 
eggs deposited April 10 on cow hair were divided into four lots, 
each of which was kept in an incubator at about 90° F. The check 
lot contained 99 eggs. These began hatching on April 13, and 
45 per cent of them hatched. The other three lots were submerged 
for one minute after they had been incubated for 1 hour, 25 hours, 
and 49 hours, respectively. The respective percentages of larve 
which hatched in these three lots were 42, 45, and 57.5. All of 
these lots began hatching on the same date as the check. 

The second series contained 74 eggs deposited on April 11, 1923; 
18 of these were submerged for three minutes in a 2 per cent solution 
of a coal-tar creosote dip on April 13. These began hatching in 
the incubator on April 14, and 44 per cent of the larve emerged. 

-The other eggs were kept in an incubator except for the time re- 
quired to submerge them for one minute in crank-case oil, drained 
from an automobile. Of the 22 eggs dipped immediately after ovi- 
position none hatched, of the 23 eggs dipped 24 hours after being 
laid 26 per cent hatched, and of the 11 submerged 65 hours after 
oviposition none hatched. 


ATTACK DIRECTED AGAINST HYPODERMA LARVA IN THE BACKS OF CATTLE 


A number of facts point to the practicability of combating this 
pest by destroying the larval stages while in the subcutaneous tis- 
sues of the back. Control by this procedure is favored (1) by the 
fact that the species confine their attack almost entirely to cattle, 
(2) by the fact that there is a rather definite and somewhat re- 
stricted seasonal occurrence of the larve in that situation, (3) by 
the presence of an aperture through the hide immediately over the 
erub during its entire existence in the subdermal tissue, and (4) 
by the fact that the larve are limited in their distribution to the 
back of the host between the withers and tail. In order to proceed 
intelligently against the species in this situation it is necessary to 
have very definite infermation regarding its seasonal occurrence in 
the subdermal tissues in each section where control work is under- 
taken, as also a knowledge of the developmental period in the sub- 
cutaneous tissues, particularly as to the minimum time required. 

The possibilities of attacking the species in this situation appear to 
have been recognized in a general way many years ago. Work along 
this line, however, has been of a very superficial and sporadic na- 
ture, with the exception, perhaps, of that carried on In certain dis- 
tricts in Denmark (6), Holland, and Germany (67 and 77.) 


EFFECT OF MATERIALS ON LARVZ REMOVED FROM HOSTS 


In order to determine the toxicity of various insecticides and 
other materials to the larve of Hypoderma, a series of tests was 
carried out in which larve in different stages of development were 
removed from the backs of cattle and submerged in these materials. 
This method of testing the insecticidal value of various chemicals 
is open to objection, owing to the fact that the conditions are ab- 
normal. Another objection to the use of larve extracted from hosts 
is that practically none of them will produce adults even though 
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kept under the most favorable conditions, hence there is difficulty 
in determining the percentage of mortality chargeable directly to 
the treatment. The tests made show clearly, however, that Hypo- 
derma larvee, especially in the later stages of their development, 
are very resistant to contact insecticides. In these tests some 25 
or 30 different materials were used. Those were selected which 
would seem to be adapted to use in the destruction of grubs in the 
cysts in the backs of the hosts. The period of submergence in most 
cases was about two minutes. 

Mention will be made of only a few of the results obtained, since 
it appears impractical to determine by this method the efficiency 
of the various materials when applied to the warbles in the cysts. 
In these experiments it appeared that the saponified coal-tar creo- 
sote products gave the highest percentage of mortality within the. 
first 24 hours. Tincture of iodine U. S. P. also gave a high per- 
centage of kill soon after treatment. Certain other materials such 
as iodoform with neutral carriers and 5 per cent solutions of silver 
nitrate destroyed a high percentage of the grubs but the action was 
siower. To illustrate the resistance of the larve to the action of 
certain insecticides it might be mentioned that submergence for 
two minutes in such materials as crude petroleum and spirits of tur- 
pentine killed a comparatively small number. 


APPLICATION OF MATERIALS TO GRUBS IN THE BACKS OF CATTLE 


Many years ago the application of various smears to the backs of 
cattle was advocated by many, including such authorities as Ormerod 
(77) in England. The object in view, however, was not the destruc- 
tion of the larve in the subcutaneous tissues but the prevention of 
infestation. In connection with their work the present writers have 
learned of the use by farmers and dairymen of the injection of such 
substances as kerosene oil and turpentine into the cysts for the pur- 
pose of destroying the grubs. Some men have practiced this method 
for years and are well pleased with the results. In Germany the 
warble commission (67) advocated the application of birch tar oil to 
the grubs individually in the backs of cattle. In Ireland and Eng- 
land, as a result of experiments carried out by Carpenter (78), the 
application of a tobacco decoction in the form of a wash has been 
advocated. Réne (87) advises, among other methods of control, the 
injection of 1 cc. of tincture of iodine into the warble. 

Attempts to employ gas against the grubs in the backs of cattle 
have been reported on by Greve (37) and Duncan, Hewitt, and Jar- 
dine (28). The results were not encouraging. 

In their own work, experiments along these lines have been carried 
out by the writers on a rather extensive scale since 1918. Most of 
these tests have been conducted in a way which made it possible to 
secure accurate records on the percentage,of grubs destroyed by the 
various treatments. In this work various dairy herds were utilized 
in the vicinity of Dallas and other points in Texas, in Peoria, IIl., and 
in Orange and Herkimer Counties, N. Y. 

Three different classes of materials were SAO pltott ae coat oint- 
ments, and liquids. ‘The powders were usually applied directly into 
the grub holes by means of a shaker can. The ointments were in 
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most cases applied with the fingers, care being taken to press some _ 
of the material into the apertures in the skin (fig. 34). The liquids _ 
were applied with hypodermic syringes, a blunt needle being used 
and care being taken not to injure the grub; with oil cans (fig. 35) ; 
with eye droppers; or in the form of a general wash thoroughly ap- 
plied to the backs of the cattle with a stiff brush. In preliminary 
tests with all of the materials the cattle were numbered and a dia- 
gram made of the distribution of the grubs on the back, each grub 
being numbered and the stage of development determined before 
the application was made. In some instances the hair was clipped 
from around the openings in the hide; but the results in each case 
were checked afterwards by the treatment of other infestations in 


Fig. 34.—Applying ointment to grubs in back of heifer 


which the hair was left undisturbed immediately around the holes 
and the position of the grubs marked by clipping the hair below each 
of them. In injecting the materials into the cysts an effort was made 
to fill the cavity around the erub with the liquid. The average 
quantity used was something less than 1 cubic centimeter per grub. 
In order to determine the results of the treatment in the early experi- 
ment, each grub was carefully examined from four to six days after 
the treatment was made. ‘ Then the larvee were extracted and notes 
made on their condition and the condition of the lesions produced by 
them. Following the preliminary tests, large numbers of grubs were 
treated without determining the stage they were in or otherwise in- 
terfering with them before the application. The percentage of mor- 
tality in some cases was determined merely by continued observation 
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of the larve zn situ. In such cases the observations were continued 
for several weeks to determine the effect on the host of the destruction 
of the grubs by this method. In order to make accurate observa- 
tions on the killing power of the various materials used, most of 
these were administered after the major part of the grubs had 
reached the fifth or last stage. In most cases a sufficient number of 
grubs were in the younger stages so that the effect of the various 
materials upon them could be determined. The tests indicated that, 
although the younger stages may be more susceptible to the action 


Fic. 35.—Injecting Hypoderma cysts with chemicals by means of an oil can 


of the insecticides, in those stages they are probably more protected 
against the materials, since the apertures in the skin are usually 
much smaller. 

Most of the tests in which the results were carefully checked are 
given in Tables 11 and 12. It will be observed from a study of the 
results that a number of the materials will produce a mortality above 
80 per cent. The writers are of the opinion that materials which 
will not accomplish the destruction of at least 80 per cent of the grubs 
present should not be considered as practicable. On the other hand, 
some of these materials which gave a very high percentage of de- 
struction are not adapted to use in general practice on account of the 
cost. 
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TABLE 11.—Treatment of Hypoderma lineatum in the backs of cattle, Dallas, 
Texr., 1918-1924 


3|c 
2|2) Num. | Num: | Num- : 
$| S| ber of poo per os ber of | Per- 
Sie ||) Sees not |doubt- grubs | Cent- 
“| 4| killed i gone | age 
Bis illed ful killed 
Material and strength How applied S| 5 based 
Sls on 
i = Stage | Stage | Stage | Stage | dead 
2/2 and 
g 5 alive 
Z\iz\3| 4 5 13/4) 5 |3/4)5/3/4/5 
Argyrol, 10 per cent solution____---| Dropper, in hole______| 2} 6} 0} 0} 6) 0} 0} 0} 0} 0} Oj O} O} 0/100.00 
Arsenical solution, 0.182 per cent | Syringe, in hole_______ 17| 57} 0} O} 3} 0} O} 28) 0} 021) O} O} 5| 9.68 
As203. 
Anserical solution, 0.222 per cent |____- dons eee 14) 28! 0} 0} 7| 0} 0} 3} 0} 0/16! O} 0} 2! 70.00 
As203. 
ID YOR ERA AL: oe Reincten Lenses ae ee Wash on back________- 2} 61) 0} 1) 0} 0/31} 29) 0} O| O} O] O} O} 1.65 
SP Fe ei BER NG coer Wash, 2 applications, |14)100} 2) 10] 11} 0/21) 56) 0} 0} 0} 0} 0} 0} 23.00 
: 2 days apart. 
Arsenal solution, 0.237 per cent | Wash on back_________ 7| 39) 0} 0} 1} 0} 0} 36] 0} 0} O} O| O} 2] 2.70 
As203. 
Benzol, 90 per cent_____---__-_____- Injected with ot] can __| 8/115) 0) 11) 88] 0} 1} 5} 0} 0} 0} Oj 0/10) 94.29 
Benzol, 100 per cent_.___-_---______]_____ Cc KG ie cae) ea 56/240) 0) 31/189) 0} 0} 8] 0} 0} 3] 0} 0} 9} 96.49 
Borax, saturated solution Paleo a ee 13} 72} 0} 0} 3} 0} 6) 20) 0/1816} 0} O} 9} 10.34 
Boracic acid, saturated solution -___|_____do_________________ 63] 0} 0} 3] 0/10} 23) 1! 9} 9] 0} O] 8} 8.33 
Carbolated petrolatum, 114 per cent_ Peacsed into holes_____ 5} 62) 1] 0} 4} 1/31) 25} 0} 0} 0} Oj 0} 0} 8.06 
Carbon tetrachloride_______________ Injected with oil ean __|71/375| 0} 31/298] 0] 0} 8} 1} 0:10) 0| 2:25} 97. 63 
Chloroform s@2P sae ee eae Injected with syringe__| 6] 24) 0] 0| 16) 0] 0; 0} 0 0 8} 0} 0| 0/100. 00 
Copper sulphate, saturated solution_|_____ (6 Vo ape artes He Sate eas 10} 59} 1} 1} 31} O} 0} 1) 0} 520} O} O} O} 97.06 
Caebalic acid, crude, 1 part; paraffin] Injected with oil can__|11] 65] 0| 5] 20] 0| 2) 26] 0} O! 0} 0} 0|12| 47.17 
oil, 10 parts. 
Creosote oil (wood) ___--.---------_|_---_- Gos ce ae ree 23| 77| 0| 4| 25] 0| 0! 28] 0| 0! O| 0} 0|20) 50. 88 
Cresol compound, U. 8. P., 1 part; |____- 6 Lo ME eb SN 9} 52} O} O} 19] 0} O} 7} O} 7/19) 0; O} O} 73.08 
water, 10 parts. 
Cresol compound, U.S. P., 1 part; |_____ GOSe Rees 7122] 0] 2} 16} 0] 3) 65] 0} O} 0} 0} 0/36) 20.93 
water, 5 parts. ; 
A cresol compound, 1 part; water, | Injected with syringe__|45/136) 0) 12) 91] 0] 1| 18} 0} 2) 3) 0} 0} 9} 84. 43 
10 parts. 
AD) QRS Pe eC Dea oh aon Injected with oil can __| 8} 19} 0} 0} 12] 0] 0! 7| 0} 0} O} O} O} O} 63.16 
DD) Ol OE Ee Injected with syringe__|15| 79] 0} 4) 54] 0} 0} 7| 0} 5) 9] 0} 0} 0} 89. 238 
A cresol compounds 1 part; water, | Injected with oil can __|17/185) 1) 19}108! 0} 0) 33} 0] 0} 0} 0} 0/24) 79. 50 
5 parts | 
Cisesate dip (coal-tar), 1.66 per cent | Wash on back________- 18/115 19 178 | 0} 0} O} 128 | 10.34 
solution. 
Creosote dip (coal-tar), 8 per cent | Injected with syringe__| 6] 46 5] 27] 0; 0} 2) 0} 2/10) 0} 0} 0} 94.12 
solution. 
Cresol ointment, full strength ______ Pressed into holes_____ 12} 90} 0) 2] 51] 0} 0} 7] O} 1/29) Oj O} O} 88. 33 
Derris extract (proprietary), 1 part; | Injected with oil can__|15| 97} 0; 14] 81] 0} 0} 0} 0} 0} 0} O} 0} 2/100. 00 
water, 10 parts, plus 4 ounces soap 
per gallon. 
Derris extract (proprietary), 2 per | Wash on back________- 18/108] 0} 6} 7] 0] 3} 80} 0} O} 1] O} O11) 13.54 
cent in water, plus 4 ounces soap 
per gallon. 
Derris powder, dry____-__-.-________ Dusted into hole______ 22/133] 0] 7/110] 0} 0} 6} O} 2) 1} O} O} 7] 95.12 
Derris powder, 1 part; paraffin oil, | Injected with oil can__| 9} 24) 0) 5) 19] 0] 0} 0} 0} 0} 0} 0} Oj 0/100. 00 
5 parts. 
Derris powder, 1 part; petrolatum, | Pressed into hole_____- 76'234| 1220 15 0} 0} 0} 0] 0} 8} 97.77 
2 parts. 
Derris powder, 1 part; petrolatum, |____- (6 | apeee ie BRE ae 2 21| 82) 0} 3) 76) 0} 0} 1) 0} O| O} O} O} 2) 98.75 
5 parts. 
Derris powder, 1 part; petrolatum, |_____ do wh Soe eee aes 33/123] 5) 41) 66] 0) 0} 3} 0} 0} 1) 0} 0} 7) 97.39 
10 parts. 
Derris powder, 1 part; petrolatum, |_____ Gove Vis Seas. 15} 92} 2} 43) 40} 0} 0) 3) 0} O} 2} 0} O} 2) 96.59 
15 parts. 
Derris powder, 1 part; petrolatum, |____- GOS Se eee 3] 82] 2) 55} 25) 0} 0} 0} 0} 0} 0} 0} O} 0/100. 00 
20 parts. 
Derris powder, 8 ounces;soap, 4 | Washon back, 2appli-| 9] 11) 0! 0) 7} 0; 0} 0/ 0} 0} 0} Oj 0} 4/190. 00 
ounces; water, 1 gallon. cations. 
|B Yo eee in ea RMP acer eee er Sa Wash on back, 1 appli-}18/109} 165 134 | 0} 0} 0} 110 | 65.66 
cation. 
Derris powder, 12 ounces;soap, 4 | Wash on back, 2appli-| 8] 21] 0) 1} 19} 0) 0} 0) 0; 0} 0} 0} 0} 1/100.00 
ounces; water, 1 gallon. cations. . 
1D) OS AS Be CUA RG AEE Sie | Wash on back, 1 appli- |26/191} 1} 51/137} 0) 0} 2) 0} 0) 0} 0} 0} 0} 98.95 
cation. 
Derris powder, 16 ounces; soap, |____- Gof eee 55/503) 1495 17 0} 0} 0} 0} 0} 1} 98. 61 
4 ounces; water, 1 gallon. J 
AT) hese ae ie A eo Wash on back, 2appli-| 5} 92 189 | 0} 0} 0} 0} 0} Oj 0} O} 3/100. 00 
cations; first appli- 
cation, 4 ounces of 
derris. 


1Includes all stages. 


Mostly fifth-stage laryz, but allstages not determined. 
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TasLe 11.—Treatment of Hypoderma lineatum in the backs of cattle, Dallas, 
Tex., 1918—1924—Continued 


BIE 
o| & 
S| 2 
8\/8 
n n 
cal 
Material and strength How applied S| & 
Sis 
3/3 
4 a 
BE 
Z\Z 
Derris powder, 12 ounces; water, | Wash on back, 1 appli-|11} 78 
1 gallon cation. 
“SHS ne ee See ae ee ee Injected with syringe _! 9} 34 
iG eee Injected with oil can -_-|19} 91 
mielicpore. ray 2o2A5 fer 22 Dusted into hole_____- 1| 20 
Iodine, tincture, U. S. P., 25 per | Injected with syringe_| 1] 12 
cent. 
Iodine, tincture, U. S. P., 100 per |_____ (C (ogee afore ten Se 68|/437 
cent. 
podorerm, 1 part; petrolatum, 10 | Pressed into hole_____- 57/255 
pa 
Iodoform, 1 part; petrolatum, |_____ 0s ee 88/480 
5 parts. 
LD LL SS eS ee ae eee See Rubbed on bumps --_-/12) 21 
pedo lornt, 1 part; petrolatum, | Pressed into holes____- 10) 67 
parts 
Iodoform, 1 part; petrolatum, |_____ Oe Se 41/223 
1 part. 
Kerosene emulsion, 22.2 per cent oil_| Wash on back, 2 appli- |13} 41 
cations. 
Kerosene, 25 per cent; lard, 75 per | Pressed into holes____-_ 9} 60 
cent. 
airmenipripewtore et oli st Injected with oil can__/10) 67 
Lime-sulfur solution, 1.92 per cent | Wash on back, 2appli- |22/147 
active ingredients. cations 24 hours 
apart. 
Lubricating-oil emulsion ---_______- Oilcan, lapplication_-_| 6| 59 
Nicotine sulfate, 0.08 per cent; | Washon back, 2appli- |28} 73 
soap, 2 ounces per gallon. eations 36 hours 
apart. 
Nicotine sulfate, 0.1 per cent; soap, Wash on back 2 appli- /14| 52 
2 ounces per gallon. eations 48 hours 
apart. 
Nicotine sulfate, 0.4 per cent nico- | Injected with syringe__| 2| 10 
tine. 
Nicotine dust, 2 per cent___________ Dusted into hole_____- 27| 77 
Nicotine, free, 0.2 per cent___.-___--__ Injected with syringe, |14| 88 
: 1 application. 
Nicotine, free, 0.52 per cent_________|____- G0s.- SL Tee 18/164 
Nicotine, free, 0.52 per cent; soap_-_|____- dos)... 32 ea 14/100 
mrusopenvenes > 1) 2o 2 Injected with syringe_.|20) 68 
Wo euemical used ----....-.-...__-- Stiff brush, hard rub-___} 2} 10 
OT a Se mieten with syringe_|18] 88 
PTET IBIC RE) (Illes = Sse 2) dou.-_-_.---22-25 8} 30: 
Pine-tar oil, crude, %4 per cent ijected with oil can, |13)163 
phenol. 1 application. 
mera, retnoed = _ 22) 20288 Cc (eee ee 20/162 
in is 5 eS ee Rubbed on bumps-_--__| 6] 35 
Pine-tar oil, commercial, 2 parts; | Dropped in holes-_-__-_- 3) 14 
furfural, 1 part; 90 per cent 
benzol, 1 part. 
Pine tar, 1 part; paraffin oil, 1 part___| Injected with syringe_-| 4| 14 
Potassium permanganate, 25 per |_----do_--.-.----------- 4| 4 
cent ofasaturated solution. 
Potassium permanganate, 50 per |-_---- dol22: See i) 6 
cent of asaturated solution. 
Potassium permanganate, satur- |..__- do _|24;146 
ated solution. 
Pyrethrum flowers, 2 pounds; grain | Injected with oil can___|21| 75 
alcohol, 96 per cent, 1 gallon.? 
Evreturum flowers, 2 pounds; |...--do.-..-.-----...... 2| 19 
alcohol (denatured, formula 5), 
1 gallon.? 
Pyrethrum flowers, 2 pounds; | Wash on back 21/111 
alcohol (grain, denatured, for- 
mula 5), 1 gallon.? 
Pyrethrum flowers, 2 pounds; | Injected with oilcan 11126 


benzol (90 per cent), 1 gallon.” 


1 Includes all stages. Mostly fifth-stage larvae 


2 Open pyrethrum flowers. 


, but all stages not 
Mazcerated for 24 hours and strained. 


Num- | Num- 
Num- | ber of | ber of | Num- 
ber of TS || Gablas ber of 
grubs aot aGuBe grubs 
killed killed ful gone 
Stage | Stage | Stage | Stage 
3/4/51314] 513/4/513/4/5 
147 131 | 0} 0} 0} 0] O|0 
0} 10) 14] 0} 0} 1) 0} 1) 8) O} OF 0 
0} 6] 34} 0} 2} 17) 0} O} 6} O} 0/26 
0} 3) 8] 0} 1] 4] 0; 1) 3) 0} O} 0 
0} O} 5} 0} O} 7} 0} 0} O} Oj OF O 
0} 0)204) 0} 0)111] 0)27/95] 0] 0} O 
0} 12/197} 0} 0} 12] 0} 0} 2] 0} 0/32 
ae 137 Si eakeg 

| | 
112 16 0) 0} Oo} 13 
O| 1] 42) 0] 0] 0} 0} O} O} O| O}24 
1] 8/179) 0} 3} 16) 0} 1} 4] 0} O11 
0} 2] 8} 0} 1} 30} 0} 0} 0} 0/ O10 
0} 1} 11} 0} 0} 17] 0} 0131} 0) 0} O 
0} 0} 32) 0} 1} 14] O! O! 3} 0} O17 
144 1100 12 0] O] 1 
1} 5! 6 | 0117) 27} 0) 0 1} 0} 0) 2 
O| 0} 14) O| 1) 29) 0) 0 OO} O29 
0} 0} 5] O} 1) 28) 0} 0} O} O} O18 
0} 3] 1) 0} 0} 4! 0; 0; O} 0} 0} 2 
0} 0} 74! 0} O} 0} 0} 0} 0} 0} 0} 3 
0} 7] 15} 1/11) 42) 0} 0} 2} 0) 0/10 
0} 17) 63} 0/23} 42] 0! 0} 1) 0} O18 
0} 17] 54} 0} 1} 12} 0} 0} 1) 0} 0/15 
0} 16) 34) 0} 1] 7} 0} O} 1) 0} 0} 9 
0} O} 1} 0} OF 6 O} OF OF O| 0) 3 
0; 0} 55) 0} O} 33} 0} 0} O} 0} 0} O 
0} O} 5} 0} O} 9} OF 1/15} 0} 0) O 
3/125) 18) 0} 7| 6] O} 2} O} 0} 0} 2 
0} 34} 55) 0} 0} 42) 0} 0} O} 0} 0/31 
0} 0} 13) 0} O} 8} O} 0/14} 0} 0} O 
0} 2) 6) 0} O} 6} 0} 0} 0} 0} 010 
0} 2} 6] 0} O} O} O} 1} 5) 0} O10 
0} 0} 4 0} 0} 0} Oj 0} 0} 0, 010 
Oo} Oo} 5} 0; 0] Lio} oO; O; oO, 0;0 
0} 5/101) 0} 0} 34) 0} 0} 6) 0} OO 
1} 30) 12} 0} 4) 24) 0) 0} 1) 0} 0} 8 
0| 14) 5) 0) 0} O} 0} O| 0} 0} OF 0 
0} 11] 41) O} 1} 39) 0} O} 4) O} O15 
1| 74) 49) 0} O} 1) O} O} 1) O} OF O 


determined, 
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Taste 11.—Treatment of Hypoderma lineatum in the backs of cattle, Dallas, 
Teax., 1918-1924—Continued 


Material and strength 


Pyrethrum flowers, 2 pounds; 
carbon tetrachloride, 1 gallon.? 
Pyrethrum fiowers, 2 pounds; 
kerosene, 1 gallon.? 
Pyrethrum-kerosene extract,?emul- 
sified with soap and water, 0.44 
pound per gallon of emulsion con- 
taining 0.22 per cent oil. 
Pyrethrum powder (open flowers), 
1 part; petrolatum, 2 parts. 
Pyrethrum powder (open flowers), 
1 pound; soap, 4 ounces; water, 1 
gallon. 
Pyrethrum powder (open flowers)__ 
Silver nitrate, 5 per cent_____._____- 
Silver nitrate, saturated solution ___ 
Silyols10;per cent 235 eee 
Soap, 4 ounces; water, 1 gallon_____ 
Sodium chloride, saturated solution_ 
Sodium chloride, dry___.____________ 
Sodium fluoride, 75 per cent, satu- 
rated solution. 
Sodium fluoride, dry______________- 
Sodium hypochlorite, 1 ounce; 
water, 16 ounces. 
Sulfur, 1 part; petrolatum, 2 parts__- 
Tobacco dust, fine, 1.08 per cent 
nicotine. 
Tobacco dust, 1 part; petrolatum, 
2 parts; 0. 33° per cent nicotine. 
Tobacco-dust infusion No. 13______ 
Tobacco-dust infusion No. 23______ 
Tobacco-dust infusion No. 3 3______ 
Tobacco-dust infusion No. 4 3 
Tobacco-dust infusion No. 
per cent nicotine. 


Tobacco-dust infusion No. 
per cent nicotine. 
Tobacco-dust infusion No. 
to 0.32 per cent nicotine. 
‘Tobacco-dust infusion No. 
per cent nicotine. 
Tobacco-dust infusion No. 
to 0.54 per cent nicotine. 
Turpentine spirits, undiluted _____-_ 


9,3 0.51 


Disinfectant (phenol, boracie acid, 
alum). 


How applied 


Injected with oil can__ 


Wash on back, 1 appli- 
cation. 
Pressed into holes_____ 


Wash on back, 1 appli- 
cation. 


Dusted into holes_____ 
wi with syringe__ 


Beeeat with syringe__ 


Dusted into holes_____ 
Injected with oil can__ 


Pressed into holes_____ 
Dusted into holes_____ 


Pressed into holes_____ 


Injected with oil can__ 
Wash, 2 applications 
on successive days. 
Wash, 1 application___ 
Wash, 4 applications; 
2 on successive days; 
2 weeks apart. 

Wash, 2applications 2 
weeks apart. 

Wash, 5 applications 1 
week apart. 

Wash, 1 application__- 


Wash, 3 applications, 1, 
then 2 one week later. 
Injected with syringe__ 


Injected with oil can __|5 


Injected with syringe__ 


{ Number of cows treated 
| Number of grubs treated 


24 


12 


8 


107 


91 


Num- | N 
Num- - 
ber of | Perof | ber of | 40, of| Per- 
grubs | grubs t- 
grubs © al donhe grubs | cen 
killed ao ourt| gone | age 
killed ful killed 
based 
: on 
Stage | Stage | Stage | Stage | dead 
and 
alive 
3] 4/513/4] 5 13)4/5)314/5 
8} 63} 35} 0} 0} 0} 0} 0} 0} O} 0} 1/100. 00 
6/110) 47] 0; 2} 8} 0} 0} 0} 0} O} 0} 94. 22 
0} 6} 9} 0} 9} 58} 0} 0} 0} 0} O} 9) 18.29 
6] 8] 76) 0} 0} 0} 0} O} 1) O} 0/15)100. 00 
0} 2) 90 57| 0} 0} O} O} O}17) 15. 71 
0} 2) 2} O} 1) 7 0} 3) 7 0} O} O} 33.38 
0} 0} 15] 0} O} 0} O} 0/15} 0} 0} 0/100. 00 
0} 0} 20! 0} O} 0} 0} O} O} O} 0} 0/100. 00 
0} 0} 12} O} O} 1} 0} O} O} O} O} O} 92.31 
0} 0} 0} 0,19} 0} 0} 0} O} O} O} 3} 00.00 
0} 0} 3] OF O} 18) 0} O} O} O} O} O} 14.29 
0] 0} 14} 0} 2) 45) 0} 0/30) 0} 0} 0} 22.95 
0} 1| 9} 0} OF 6] O} 3} 3} O} O} O} 62.50 
o| o| 0 0/1] 1/0] 0} a] oj | o| 00.00 
1} 1} 8} 1) 2} 33} 0} 0} O} O} O} O} 21. 74 
1} 16} 8! 0.10} 10) 0} 0} Oj O} O} O} 55.55 
0} 3,105) 0} 1} 18) 0} 0} 0} 0} 0/19) 85. 04 
0} 60,147) 0\14| 4) 0} 0} O} 0} 0} 6} 92.00 
0} 22) 15) 0'19! 29) 0} 0} 1) 0} O}11) 43. 53 
117 19 0} 0} 0} 0} 0} 1; 65.38 
Oj; 9 57] 0} 4| 16) 0} 0} O} O} O} 1) 76.74 
0} 4! 27) 010) 33) 0} 0} 0} 0} 0} 3) 41.89 
0}128/103) 032} 69) 0} 4| 6) 0) 0/18) 69. 58 
0} 90} 56} 0)16) 77} 0} 8} 5} 0} 0/23) 61. 09 
0/134/115) 0.13] 44) O! 4) 3) 0} 0!23) 81. 37 
0} 6} 34] 0; 8} 40) 0} O} 0} 0} 0/13) 45. 45 
0} 5] 53) 0} 2) 8! 0} O} 0} 0} 0/27) 85. 29 
0} 0} 60) 0} 0} 4) O} O}14) 0} O} O} 93. 75 
0} 2) 80) 0} 2| 54) O} 1) 2] 0} 072) 59. 42 
0} 0} 9) 0} 0} O} O} O} 5) O} O} 0/100. 00 
J 


3 These tobacco infusions, Nos. 1 to 9, were made with ingredients in the following proportions: No. 1, 
4 pounds of tobacco dust, sufficient water to make 1 gallon; No. 2, 1 pound of English tobacco dust, 4 ounces 
of stone lime, sufficient water to make 1 pint; No. 3, for first application, 1 pound of tobacco dust, 1 ounce 
of lime, sufficient water to make 1 gallon; for second application, three-fourths pound of tobacco dust, 1 
ounce of lime, sufficient water to make 1 gallon; Nos. 4, 5, 6, and 7, 4 pounds of tobacco dust, 1 pound of 
lime, sufficient water to make 1 gallon; Nos. 8 and 9, 8 pounds of tobacco dust, 4 pounds of lime, sufficient 


water to make 1 gallon. 
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Taste 12.—Treatment of Hypoderma lineatum and H. bovis in the backs of 


cattle, Orange County, N. Y., 1922 


elas Num-| Num-|Num-=| yum- 3 
3 | 3 | ber of | Per of| ber of| po of | Ze 
2 | g | Det Of! crubs | grubs | CCF OL | 2b 
S | S | grubs Falaaaht. grubs} y 
a | 2 | killed | ,2° gone |} © 
3 2 BIS killed} ful ay 
Chemicals used How applied | ¢ 5 ms Species 
CI ay ov 
© | & | Stage | Stage | Stage | Stage 2 
2/8 Ba 
g g 3/4/}5/3/4]5 4) 5) 3) 4/5 5 
) 
Z| eG py 
Derris, 1 part; petrolatum, | Rubbed in, 1| 4{ 64] 164 | 0} 0} 0| 0j 0} 0; O} 0} 0/100.00) Hypoderma 
10 parts. application. bovis and H. 
lineatum. 
Derris, 1 pound; soap, 4} Washonback,| 9] 91] 163 191 17 | 0} O} O| 75.00 Do. 
ounces; water, 1 gallon. ‘ applica- 
ion. 
Derris, 1 ounce; water, 300 |____- doe. at 5.2 “2! 43] 0} 0} 0} 0} 0/43] 0} 0} 0 0) 0} 0} 00.00] H. bovis. 
ounces; soap, 514 ounces. 
Derris extract, 1 part; wa- |__-_- @oO_ 2. 3-342 6| 23] 0} 0} 2} 0} 0/17] 0} 0} O} 14 | 10,53 Do. 
ter, 100 parts; soap, 1 
part. : 
Iodoform, 1 part; petrola- | Rubbed in, 1 | 19] 206] 163 | 142 000 11 79. 51] H. bovis and 
tum, 5 parts application H.lineatum. 
Nicotine (free), 0.1 per | Washon back, 6] 100} 114 169 12 115 | 16.87) H. bovis. 
cent solution. lapplication. 
Tobacco dust, dry___-._-__ Rubbed in, 1 41 67) 13 160 1] 13 4.76 Do. 
application. 
Tobacco infusion: Tobacco | Wash on back, 119 156 121 1419 Do. 
dust, 4 pounds; lime, 1 2  applica- 
pound; water, 1 gallon. tions 24 hours 
apart. 
Sodium hypochlorite, 2 |____- do reers 1| 5} O} O} 2} Oj O} 3] O} O} O} O} O} O} 40.00 Do. 
ounces; water, 16 ounces. 


i Includes all stages. Mostly fifth-stage larve, but all stages not determined. 


Several different methods were considered of computing the per- 
centage of the grubs destroyed by the various materials, but it was 
finally decided to make this computation on the basis of the number 
of grubs found alive or dead at the time of examination. This gives 
considerable advantage to those materials which had low killing 
power, as in many cases the mature larve which were uninjured 
would leave the host before the results were checked. Furthermore, 
in the case of those substances which were very toxic, especially the 
ointments, many of those grubs recorded as gone were no doubt 
killed or were so weakened as never to produce adults. Those 
recorded as doubtful were, for the most part, larvee which were ex- 
tracted four or five days after treatment. In the case of some of 
the substances it was found difficult to determine for certain in 
every case whether the grubs were dead or alive when observations 
upon them were made so soon after treatment. From six to eight 
days proved to be the most satisfactory interval between treatment 
and determination of result. 

In general it may be stated that in the case of those materials 
which gaye a very high percentage of mortality relatively few grubs 
were gone at the time of examination. Some of the ointments. may 
be noted as exceptions to this, as they were found to facilitate the 
emergence of the grubs from the skin even though the grubs were 
dead. 

Attention is especially directed to the results secured by the use of 
the following materials: Benzol and carbon tetrachloride when in- 
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jected into the cysts; derris used in dry form, as an ointment with 
petrolatum, or in suspension in water when injected into the cysts, 
or applied as a wash (111); iodoform and petrolatum, also pyre- 
thrum and petrolatum, when applied as an ointment; and very fine 
tobacco dust and nicotine dust used in powder form. 

The results of the writers’ work seem to indicate rather clearly 
that the percentage of mortality is not so high in the case of A. bovis 
as with H. lineatum. 

The treatment of cattle in practice requires the application of a 
method which will be as effective as possible under adverse con- 
ditions. When treatments are given by the livestock owners them- 
selves, washes applied to the entire back of the animal are probably 
the most dependable, in that the inexperienced operator is more 
likely to treat all of the grubs than if the latter have to be found 
individually. On the other hand, there may be some objection to 
the use of washes on the entire back of the animal under certain 
adverse weather conditions. An objection to the use of the syringe 
is that the instrument is an item of expense and may be broken even 
if carefully handled. This tends to commend the oil can if the 
grubs are to be injected individually. In the writers’ experience 
they have found that an oil can with a comparatively slender curved 
point is the most convenient to use. If the aperture in the spout 
is not too large the spout can be utilized to advantage in finding the 
grub hole. One advantage in the use of an ointment such as 1odo- 
form-petrolatum is that the operator can easily recognize which 
grubs have been treated. The use of powders is favored by those 
who do not wish to wet the animals during the winter, but some 
objection might be had to them on account of the possibility of the 
dust getting into the buckets during milking. With certain washes, 
however, the dust is left in the hair after the animal has dried. A 
careful application of dust to the backs of cattle is almost as certain 
to reach all grubs as the use of a wash. 

Tobacco infusion has been advocated for the destruction of grubs 
in the backs of cattle by Carpenter, Phibbs, and Slattery (79). 
Although results of the writers’ preliminary tests with similar infu- 
sions were not satisfactory, they continued their experiments after 
receiving Carpenter’s favorable reports. In his early publications 
he gave no idea of the strength of the decoctions he used, and it ap- 
pears that he must have employed infusions with a higher percentage 
of nicotine than the writers were able to obtain from American to- 
bacco dusts by using his formula. When, however, tobacco dust 
from the same source as that employed by Carpenter (see Table 11, 
tobacco infusion No. 2) was used, the mortality obtained (65.38 per 
cent) was not nearly so high as reported by Carpenter. With most 
of American tobacco dusts, which run from 1 to 11% per cent nico- 
tine, great difficulty was found in obtaining an infusion containing 
0.5 per cent of nicotine. In order to get such a percentage the 
amount of tobacco dust advised in Carpenter’s formula was doubled, 
being 8 pounds of tobacco dust, 4 pounds of stone lime, and 1 gal- 
lon of water. In preparing this the lime was first slaked in the 
water, and then the tobacco dust was stirred in and allowed to stand 
about 24 hours. The mass was then placed in a sack and pressure 
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applied at times with two boards hinged at one end. From 1 gallon 
of water usually not more than 3 pints of infusion was obtained. 
_ Serious objections to the use of this decoction are the labor involved 
in preparing it and the great variability in the strength of the infu- 
sion obtained. These objections would cause the investigator or 
stockman to turn to the standardized solutions of free nicotine or 
nicotine sulfate, but the results obtained with these substances when 
used at strengths which would not endanger the host were unsatis- 
factory. Nicotine sulfate at a strength of 0.4 per cent when injected 
into the cysts of the grubs gave a mortality of only 50 per cent, and 
free nicotine at a strength of 0.52 per cent with soap added resulted 
in a mortality of 84 per cent. ‘These strengths are greater than 
would be advisable for use as general washes on the backs of cattle. 

The toxicity, to larve in different stages, of materials applied to 
the backs of cattle is a point of importance. It is necessary, of 
course, to kill a high percentage of all stages of larvee present at the 
time of treatment, but for several reasons it is desirable that treat- 
ment be made with a view of destroying the grubs while small. To 
gain some information on this question a study of the percentage of 
mortality among the different stages was made. For comparison 
the percentages of mortality among the grubs in the fourth and fifth 
stages treated with fairly effective larvicides were compared. The 
materials used were grouped according to method of treatment. 
These groups and the mortality of the larve in each were as follows: 
Cysts injected with syringe or oil can, fourth stage 91.01 per cent, 
fifth stage 81.21 per cent; ointments applied to the opening in the 
skin, fourth stage 84.34 per cent, fifth stage 93.32 per cent; dusts 
applied to the openings in the skin, fourth stage 83.33 per cent, fifth 
stage 88.05 per cent; washes applied to backs of cattle, fourth stage 
90.29 per cent, fifth stage 68.77 per cent. These figures should not be 
taken to indicate the relative merits of the different methods of 
treatment. They are of value, however, because they clearly show 
that the ointments and powders are relatively more effective 
against the larve of the fifth stage than against those of the fourth, 
probably owing to the larger apertures in the skin, which permit the 
materials more readily to gain access to the larvee; but, on the other 
hand, that the percentage of mortality is higher in larve of the 
fourth stage than in those of the fifth when the insecticides are in- 
jected into the cysts or applied as washes to the backs of the cattle. 
Jt appears that the younger stages are somewhat more easily killed 
than the fifth-stage larve when they are actually brought into con- 
tact with the insecticide. Exact observations on the mortality among 
third-stage larve have not been made in a sufficient number of 
specimens to form a reliable basis for conclusions, but for the pur- 
pose of comparing the relative susceptibility of the three stages to 
various treatments, it may be said that the mortality runs about 92 
per cent in the third stage, 89 per cent in the fourth stage, and 83 
per cent in the fifth stage. 


EXTRACTION OF GRUBS BY HAND 


It is the common belief that the cattle grubs must be fairly well 
matured before they can be successfully removed by hand. The 
expression is often heard, “the grubs are not yet ripe.” 
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In the writers’ experience they have found that grubs may be ex- 
tracted at any time during the course of their development in the 
backs of the cattle. They have found that, by removing the small 
scabs which usually develop around the apertures cut by the young 
or third-stage larvee, they can be pressed out with great ease. There 
seems to be a period in the fourth stage during which extraction is 
more difficult. By using care, however, practically every grub can 
be removed by hand. (Fig. 36.) 


Fig. 36.—Extracting Hypoderma larva from cow by pressing down around cyst 
opening 


There is a very marked difference in the ease with which grubs 
may be etxracted from the backs of cattle of different breeds. In 
the case of the island breeds the skin appears more flexible and 
elastic, and extraction is comparatively easy. Very often with the 
Holstein-Friesian and certain beef breeds it is almost impossible to 
squeeze the grubs out by hand. The condition of flesh of the host 
also has a considerable effect on the ease of extraction. Very poor 
or extremely fat cattle are more difficult to treat than those in fair 
condition. 

The method of procedure in extracting grubs may be modified to 
suit the individual and also the character of the skin of the host 
under treatment. Inexperienced people often find extraction ex- 
tremely difficult; but those who have considerable experience are able 
to remove the grubs with comparative ease, and they seldom break 
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the cyst and allow the larva to escape. Certain writers have advo- 
eated the application of salt water or soapy water to the backs of 
cattle before extraction is begun. It is probable in the case of cattle 
with elastic skins that a weak saline solution applied to the backs 
some time before extraction is undertaken will aid the work. In 
the present writers’ experience, however, washes have not been 
found materially to facilitate extraction. (See further discussion 
under “ Cost of treatment or extraction of grubs,” p. 106.) 


MECHANICAL EXTRACTION OF GRUBS 


One often hears of the old-fashioned method of placing the mouth 
of a heated bottle over the aperture of the grub. Some larve may 
be extracted by this method, but it is extremely slow. It suggests, 
however, the possibility of utilizing suction and pressure in extrac- 
tion -work. For several years the writers have given considerable 
attention to the question of developing an implement for remov- 
ing the grubs from the backs of cattle by suction. One of the prin- 
cipal difficulties encountered is in obtaining an airtight cup to fit 
over the warble and to generate, without unduly complicated and 
expensive apparatus, a sufficient vacuum to suck the grubs out of 
the cysts. Brodersen (1/7), a veterinarian in Denmark, has devised 
and patented a small suction pump operated by hand which he con- 
siders a success for the removal of grubs. The principle employed 
is a combination of pressure and suction. The end of the pump 
barre] is fitted with a rubber cup which is applied to the back of 
the animal over the grub hole. This is pressed down, against the 
animal while the plunger is being pulled out, thus creating a par- 
tial vacuum. Doctor Brodersen has very kindly furnished the writ- 
ers with one of these instruments, but in their experiments it has 
not worked well, especially on animals with inelastic skins. In cer- 
tain instances, even though tremendous pressure was applied and 
the plunger raised a great. many times, the grubs could not be pulled 
out of their cysts. Before receiving Brodersen’s extractor, the 
writers had developed a similar instrument made from an old au- 
tomobile-tire pump (fig.°37). This, probably owing to a larger 
parrel capacity, gave even better results than the imported extractor. 
There is certainly some advantage in using an instrument of this 
kind if it can be developed to a point where a large percentage of 
the grubs can be removed without consuming too much time. It 
would be less trying on the fingers than hand extraction and. the 
operator would not have the disagreeable experience, which often 
comes from squeezing the grubs out by hand, of having pus, or the 
contents of the grub, squirted into the face. Furthermore, it is 
probable that the chance of breaking the cysts or bruising the tis- 
sues would be less than might result from hand extraction, espe- 
cially by an inexperienced operator. 

The use of forceps to assist in the extraction of larve naturally 
comes to mind. The writers have investigated the possibility of 
using various types of forceps in this work. One of the principal 
difficulties is in obtaining a pair of forceps with sufficiently fine 
points to enter the small holes in the hide and at the same time 
with enough strength to extract the larvee and not get out of order. 
One of the most successful forms of forceps tried is the alligator-jaw 
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type (fig. 38). These permit one to place the tips well into the hole 
and then to open them and secure a firm hold on the grub. Another 
type which has been found very successful is a simple forceps with 
stout shanks and provided at the tip with minute mouse-teeth. 
These, however, often puncture the grub, which might be considered 
objectionable by some. 

The aulatceumnt of the grub holes in the hide by cutting, is a 
method suggested by some, especially by veterinarians. It has been 
found that in most cases this practice causes the host too much dis- 
comfort. There is also the possibility of cutting through the cyst, 
if the incision is made too deeply, and thus allowing some of the 
foreign matter to enter the tissues of the host. 

Certain stockmen have for years practiced the plan of puncturing 
the grub before attempting to extract it. This led the writers to 


Vic. 37.—Remoying Hypoderma larye from back of cow by means of suction pump of 
the Brodersen type 


make a series of tests of this method. One of the procedures followed 
was to press firmly around the grub, thus bringing it up to the 
aperture in the skin, and then to clip the posterior end with a pair 


of fine-pointed scissors. A small amount of pressure applied to the 


cyst will expel the contents of the larva, after which the skin of the 

grub may be easily extracted by pressure, or better, with a pair of 
Pitepe In certain instances grubs punctured in the way described 
were left in the host. In a short time it was found that the skins of 
most of these grubs had protruded some distance from the holes in 
the skin, thus enabling one to remove them easily with the fingers. 


EFFECT ON HOST OF DESTRUCTION AND EXTRACTION OF GRUBS 


Despite the very general practice of extracting grubs by hand 
which has been employed for many years, not until recently have 
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any definite ill effects been attributed to this method. Brodersen 
(10), working in Denmark, reports his observations upon a semiacute 
malady which he terms “ Rosenfeber.” He records several cases in 
which he has seen the sick cows very soon after the grubs had been 
squeezed out. The description he gives of the sickness indicates 
clearly that it is of an anaphylactic nature similar to that described 
by Hadwen and Bruce (38), Jensen (49), and Van Ks and Schalk 
(109) .in cases where they injected the juice of larvee into animals 
sensitized by natural infestations. Brodersen’s cases were acute but 
not serious. Apparently the general depression, rapid pulse, and 
puslike secretion from the mucous membranes completely subsided 
within a few hours. In the cases cited it appears that the grubs 
were squeezed out by men hired for the purpose and apparently the 
work was done in a very crude way. The experience, however, 
directs attention to the danger of handling cattle roughly during the 
extraction process and further emphasizes the need of a proper under- 
standing of the best method of remov- 
ing the grubs. It should be noted 
also that in cases in the writer’s ex- 
perience in which the grubs have been 
removed from large numbers of cattle, 
some of them very heavily infested, 
no instance in which any ill effects 
whatsoever were noticeable has ever 
been observed. The principal danger 
seems to lie in the improper applica- 
tion of pressure around the grub, 
which causes the cyst to break and the 
grub, after being crushed, to be forced 
back into the connective tissue. 

To lessen the danger of anaphylac- 
tic shock to cattle following hand ex- 
traction of grubs, Hadwen (37) has Bit 
advised that the back of the animal Fic. 38.—Alligator forceps, a. type 
be washed off with cold water. In) pais ete packs of eaten 
very valuable animals and show herds, 
it is suggested that the warble cysts be washed out with a hypodermic 
syringe or oil can, using a normal saline solution or a 2 per cent 
carbolic wash. 

Aside from the anaphylactic reaction mentioned above it is claimed 
by some that there is occasional formation of pus abscesses in the 
subcutaneous tissue following extraction. The writers’ observa- 
tions indicate, however, that with even moderate care in hand ex- 
traction the chance of pus formation in the backs of stock is less- 
ened rather than increased by removing the grubs. Great numbers 
of cases have been encountered in which cows had developed large 
abscesses without having been treated for grubs, usually because 
of the closing of the orifice of the grub cyst before the grub reaches 
maturity. In most cases this results in the death of the insect. 
Such abscesses are always greatly relieved by discharging them as 
soon as they are observed. 

Realizing the fact that the leaving of foreign bodies in a host 
is not good surgical practice, the writers were at first rather skep- 
tical about the advisability of destroying the grubs in the backs 


104 BULLETIN 1369, U. S. DEPARTMENT OF AGRICULTURE 


of cattle by the application of insecticides. The difficulty of re- 
moving the grubs from certain breeds, however, led them to give 
very serious consideration to this method of treatment. As a re- 
sult of rather extended experiments and practical demonstrations 
of this method, it became evident that no ill effects were visible 
in the host. It is true that certain materials may be used in the 
destruction of the grubs which are detrimental to the host, as, for 
instance, copper sulfate. In the writers’ tests this material gave 
decidedly bad local effects. Abscesses were developed in a con- 
siderable percentage of the cysts treated. On the other hand, with 
many of the most. effective larvicides tried, pus formation in the 
cysts was checked and the size of the lump caused by the grub was 
rapidly reduced. 

With some treatments, notably those with carbon tetrachloride, 
and with derris in various forms, the exit holes of the grubs were 
observed to close rather rapidly and there was little tendency for 
the host to expel the insect. In most instances the grubs were found 
to disintegrate rather rapidly under such conditions, especially if 
they were not in the late stages of development. At times some of 
the grubs, especially in the late fifth stage, were found to rise in 
the aperture in the skin and the posterior segments to harden, thus 
retarding the closing of the hole in the skin. 

When the grubs are not further developed than the early part of 
the fifth stage, they are promptly absorbed after being killed by 
substances applied to the back of the host. After the skin and 
spines have become thoroughly chitinized their elimination by the 
host is more difficult. Some collapse and work out or are licked 
out of the skin. Most of them are reduced in bulk by absorption 
and the skin heals up smoothly over them. A considerable per- 
centage of these mature grubs may remain in the skin for several 
months. This shows the advisability of applying treatments while 
the grubs are young; furthermore, at this time the holes in the 
hides are much smaller and heal up more quickly. 

When ointments such as iodoform, derris, or pyrethrum and 
petrolatum are used, the writers have found that a considerable 
percentage of the grubs are expelled from the cysts after their 
death. Some of them are found completely emerged from the skin 
of the host two days after treatment and they continue to be thrown 
off for about two weeks. Some project shghtly from the skin and 
may remain so for weeks if not mechanically removed. The per- 
centage of grubs which are expelled after treatment varies widely, 
apparently differing with the character of the skin of the host. 

In order to determine the effect on the host and the rapidity 
of healing of the grub holes, some special observations were made 
on herds (1) where grubs left the hosts normally, (2) where the 
larvee were punctured and pulled out, (3) where they were ex- 
tracted by hand, and (4) where various materials were applied 
to the backs of the cattle. The rapidity of healing of the grub 
holes was found to vary much in different animals, both when the 
grubs emerged normally and when they were extracted or destroyed 
in situ. It was found that the time required for healing of holes 
where the grubs emerged normally ranged from about 13 to 76 
days. The scars from the skin injury often persist for several 
months. ‘The presence of foreign material in the form of a plug in 
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the grub aperture often retards healing. This may contain the 
exuvie of the larve, but usually it seems to be composed of dried 
excretions from the cyst. As the opening heals about this tough 
material there often remains a pit containing a minute hole which 
can be located with a pointed instrument. 

Observations have been carried on to determine the rapidity of 
healing of grub holes in the skin when the grubs are killed by the 
application of insecticides or are extracted by hand. It has been 
observed that where grubs are squeezed out, or even drop normally, 
the old cyst and other material left within it require several weeks 
for absorption. Grubs were extracted on one side of the backs of 
cattle and on the corresponding side they were killed with insecti- 
cides. Two weeks later these animals were slaughtered and ex- 
amined. The condition of the connective tissue around the grub 
cysts was practically identical on both sides. When the skin was 
removed no discolored or infiltrated tissue was left on the carcass, 
but the former position of the grubs could be located on the under 
side of the hide. The holes in the hide had healed to about the same 
degree with the exception of a few cases in which portions of the 
bodies of the dead larve were in the grub openings, thus preventing 
the closing of the apertures. 

In several herds in which insecticides were administered to the 
backs of the cattle, a number of subsequent examinations were made 
to determine the general condition of the infested areas and the 
rapidity with which the skin healed. In most of these herds the 
grubs were not treated until many of them were nearly mature. 
Seventy-seven days following the treatment it was found that be- 
tween 42 and 62 per cent of the grub holes had healed, and the fact 
that the animals had been infested with larve could not then be 
determined by touch. One hundred and twelve days following 
treatment 75 per cent of the grub holes were completely healed and 
smooth. At this time only 2 per cent remained open and in no case 
was more than a very slight quantity of pus present. In one herd 
treated with benzol it was found that the healing was less ad- 
vanced at the end of 77 days. Only 30 per cent of the grub holes 
were healed and smooth, and 48 per cent of the holes were still open. 
The presence of the grubs was apparent in 25 per cent of the cysts. 
In all cases, however, the warbles were distinctly reduced in size. 

Since in certain animals extraction is greatly facilitated by 
puncturing the grubs and squeezing out their contents before re- 
moving the grub skin, the writers have treated over 200 head in this 
way. Inno instance did the condition of the lesions and the rapidity 
of the healing of the holes in the skin show any difference from 
those in cases in which the grubs were extracted by squeezing. In 
a number of cattle the grubs were punctured and left in the cyst 
after the body contents had been pressed out, No ill effects were 
observed, but healing of some of the holes in the skin was retarded, 
owing to the hardening in them of the skins of the grubs. One ani- 
mal treated in this way had 60 well-developed grubs in its back. 
Six days after the puncturing, about 10 of the grubs were project- 
ing from the skin. These were shrunken and hardened, and seven 
of these were pulled out. There was no more pus in any of the 
cysts than would occur with living larve. Twelve days later six 
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projecting grubs were pulled out; the cysts under these were small 
and the animal had improved noticeably in condition of flesh. At 
this time more than one-half of the holes were healed. When the 
grubs are punctured before they are extracted the cattle are wor- 
ried much less than when extraction by the usual method is prac- 
ticed. Schéttler (87) states that in Germany a crochet needle has 
‘been used for puncturing and extracting grubs, but that this method 
had been found to be undesirable because the juice from the grubs 
may cause nettle fever. | | 


COST GF TREATMENT OR EXTRACTION OF GRUBS 


To gain information on the expense of treating cattle for grubs, 

records were kept on the time required in applying the different 
treatments, the quantity of the material used, and its cost. 
' It was found that for cattle of the island breeds hand extraction 
was the most economical. The time consumed in extraction varied 
considerably with the breed and with the local conditions under 
which the work was done, as well as with the experience of the 
operator. The rate of extraction per hour ranged from 38 grubs 
in Holsteins to 191 in a dairy herd of mixed breeds. It appears 
that with the average herd of Jerseys or mixed breeds, not Holsteins, 
the grubs can be extracted carefully and thoroughly at the rate of 
about 125 per hour. Naturally the degree of infestation affects the 
rate, as in very light infestations much time is occupied in going 
from one animal to another and in very heavy infestations more 
care is necessary to avoid missing some grubs. 

In tests in which the backs of the cattle were thoroughly moistened 
with soap solution the average number of larvee extracted per hour 
was 119, and where normal salt solution was applied prior to 
the extraction the grubs were removed at the rate of 100 per hour. 
These tests therefore seem to indicate that the wetting of the backs 
of the cattle in the case of island or mixed breeds, not Holstéins, 
tends to retard the rate of extraction. 

In tests of the method of extracting the grubs after puncturing 
them and expelling the contents, the average number of grubs re- 
moved per hour was slightly over 88. This work was done without 
special forceps, which if used would have hastened the work. Al- 
though this rate of extraction is considerably slower than that of 
the hand extraction in Jersey or mixed herds it is decidedly more 
rapid than hand extraction in Holsteins. 

The rate of treatment when injecting the cysts with a hypodermic 
syringe ran about 170 grubs per hour. The time consumed in in- 
jecting the material by means of an oil can varied considerably, 
ranging from 74 to 240 grubs per hour. The very slow record 
mentioned was probably due to the fact that a large number of 
the grubs had dropped, and it was necessary to examine each cyst 
to determine if the larva was still present. Under good conditions 
in a dairy it is thought that by the oil-can injection method 225 
grubs per hour might be readily treated. 

The application of such general treatments as dusts and washes 
is considerably more rapid than the individual treatment of grubs. 
The thoroughness with which either of these methods must be car- 
ried out, however, causes more time to be consumed in the treat- 
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ment than would be supposed. On an average it required an hour 
to treat about 98 grubs by the application of oimtments, such as 
iodoform-petrolatum to cysts in the backs of cattle. Undoubtedly 
this work could be done much more rapidly in herds showing a 
fairly heavy infestation. 

The cost of materials and equipment should be considered, espe- 
cially if large herds are to be treated. The fact that no instru- 
ments or materials are needed for the ordinary hand extraction 
commends that method. With the use of ointments, powders, and 
washes practically no equipment is required. The cost. of forceps 
or scissors for the puncturing and pulling method of extraction is 
not great, but this method requires rather more care and a higher 
degree of training for the work than is necessary for using the 
oil-cean injection method or for applying washes and powders. 

The cost of the chemicals used varies considerably with the ma- 
terial, and there is also considerable difference between the whole- 
sale and retail prices of each. Iedoform-petrolatum ointment costs 
about 814 cents per ounce at the usual wholesale price. The retail 
price is about 15 cents per ounce. An ounce will treat between 
125 and 200 grubs, thus making the retail cost of the ointment about 
12 cents per 100 grubs. Pyrethrum ointment is much cheaper, 
as it costs about 5 cents per 100 grubs. The only objection to this. 
ointment is that the pyrethrum powder must be fresh to be potent. 

With such materials as carbon tetrachloride and benzol, it was 
found that a pound of either would treat about 500 warbles. Since 
these materials are comparatively inexpensive the cost. is extremely 
low. 

As yet derris is not available on the open market in this country, 
but it is probable that it will retail at approximately $1 per pound. 
Tobacco dusts of all grades are very much cheaper, but they do 
not appear to be equally effective in any strength, and furthermore 
their strength as well as mechanical make-up varies considerably. 
It is probable that if further tests prove that very fine tobacco dust 
with a fairly high percentage of nicotine is as effective as the writers’ 
preliminary experiments indicate, this material may be standard- 
ized for this purpose. 


CONTROL THROUGH INDIVIDUAL EFFORT 


The results of control measures applied by an individual cattle 
owner when he is more or less closely surrounded by livestock are 
likely to be disappointing. Three tests have been made by the writers 
in which the grubs have been destroyed rather systematically for 
periods of from two to four years. It is true that all grubs were not 
destroyed each year, but the work was probably done as thoroughly 
as it would have been if left to the cattle owners. The pastures where 
the treated cattle ranged were in close proximity to others in which 
untreated stock were kept. In none of these tests was a striking 
reduction observed in the number of grubs during the year following. 

The most thorough work along this line was done on the dairy 
and breeding farm of J.T. Orr, near Dallas, Tex. From 45 to 100 
head of cattle were carried on this place. During the grub season 
of 1920-21 the cattle were examined and grubs destroyed only once, 
on January 29. The average number of grubs per head then was 
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5.18. In 1921-22 the cattle were all examined and grubs extracted 
on December 16 and January 17, the average per head being 3.55. 
In 1922-23 the grubs were all extracted on November 28, Decem- 
ber 28, January 29, and March 21, the average per head for the year 
being 11.30. During 1923-24 the cattle were gone over four times 
and an average for the year of 7.5 grubs per animal was found. 
During the last three seasons the work was done very thoroughly, 
yet it appears that enough flies entered the pasture from adjoining 
farms to keep up the infestation. It is thought that this is a rather 
peculiar case, however, on account of certain local conditions. 

Duncan, Hewitt, and Jardine (28) have reported a similar ex- 
perience on a farm in Ireland. The average number of grubs was 
materially lowered after the first year’s destruction, but for several 
succeeding years it remained rather constant, though relatively low. 

The writers have observed a number of instances, however, where 
well-isolated dairymen and breeders have largely, if not completely, 
eradicated the pest from their herds by systematic destruction of 
the grubs. 

In attempting to control the insect on the individual farm it is im- 
portant to destroy the grubs in the young stock, and also to kill those 
larvee which reach the backs rather late in the season. 


POSSIBILITIES OF ERADICATION BY SYSTEMATIC DESTRUCTION 
OF GRUBS 


For many years the possibilities of completely eliminating this 
destructive pest from given areas have been presented. In 1896 
Osborn (73), after discussing methods of destroying the grubs, says: 

While it is certain that this insect could be practically exterminated in the 
United States in a single year, we realize fully the great difficulty in getting 
every person owning cattle to know or appreciate the need of using the neces- 
sary means... We can not close this sketch of remedies without present- 
ing a plan which, though it may be styled fanciful or ideal, must if carried out 
result in the extermination of the pest and the saving, we believe, of not less 
and probably more than $50,000,000 per year to the farmers of the United 
States. 

He then briefly outlines his plan of having all cattle examined 
and the grubs extracted or destroyed by chemical treatment. Other 
authors have presented somewhat similar suggestions, but until re- 
cently it would appear that the knowledge of the seasonal history 
of the two species of grubs in this country has been too meager to 
make possible the formulation of very definite plans. From studies 
which have been made in various parts of the world on this problem 
it appears certain that eradication from considerable areas, 1f not 
from entire countries, can be accomplished and that such effort would 
be very remunerative to the dairy and livestock industries. In con- 
sidering the possibilities for eradication the following facts should 
be borne in mind: 

1. Both species of Hypoderma confine their attack almost ex- 
clusively to domestic cattle. It is probable, however, that in vicini- 
ties where bison range these grubs might readily be carried over in 
numbers in such herds. Horses and goats are the only other hosts 
which would have to be considered at all, and the writers’ observa- 
tions clearly indicate that they would not play a part in perpetuating 
this species if all grubs were destroyed in bovines. é 
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2. Every individual of both species of Hypoderma is present in 
the subcutaneous tissues of the backs of the cattle for a period in 
excess of 35 days, and while in this situation it is constantly amen- 
able to treatments applied to the backs of the cattle or to extraction. 

3. The larvee are present in the subcutaneous tissues of the back 
during a fairly well-defined and comparatively limited period of the 

ear. 

The difficulty of carrying out systematic extraction or the appli- 
cation of ointments or washes under range conditions is at once 
apparent. In the farming and dairying sections, however, where 
the cattle are fairly gentle, systematic treatment would be fully 
warranted even under present conditions. 

No definite experiments have been possible to show the distance 
the flies may travel, but circumstantial evidence indicates that they 
do not go far from the place where they hatch out, and this lends 
further encouragement to the efforts toward control. ‘The writers’ 
experience with the systematic destruction of grubs among animals 
on a single farm surrounded by infested cattle clearly indicates the 
futility of the individual attempting to secure a high degree of con- 
trol, to say nothing of eradication. Cooperative community action 
is therefore clearly called for. Such an undertaking in Denmark is 
reported by Boas (5). On a farm in the center of an area where 
systematic grub extraction was carried out by a dairy association, 
the following numbers of grubs were found present and destroyed 
on seven succeeding years, beginning in 1889: 832, 215, 65, 229, 64, 
0, 0. Complete eradication was not accomplished toward the edges 
of the areas covered by this effort, but the grubs were greatly 
reduced in numbers. 

The stock raiser who has comparatively few grubs in his cattle 
has not been given sufficient consideration in connection with the 
sale of his cattle or hides, owing to the fact that it is the custom of 
the hide buyers of a section known to be infested by grubs to make 
a horizontal discount for grubbiness without determining the degree 
of infestation of the hides and even without the knowledge of the 
producer. With the inauguration of systematic control work there 
seems to be little doubt that hide buyers would pay a premium for 
hides from areas practicing control work, and also that butchers 
would slightly favor cattle from those areas. 

In the initial undertaking of systematic control or eradication 
work it would seem desirable that the plan be attempted on a con- 
siderable area. Such a plan has been under consideration by the 
writers for several years, although funds have not been forthcoming 
to put it into effect (70). The writers believe that a large amount 
of educational work must be done in advance of any actual control 
work, and in this connection all organizations of business men and 
farmers should be thoroughly in sympathy with the undertaking. 
In an initial attempt it is thought best to have all of the work of 
destroying the grubs carried out by men specially trained in the pro- 
cedure, and not to depend upon the volunteer efforts of the stock 
owners. It is probable that such an undertaking would have to be 
carried on during about three years, as inevitably a few grubs would 
escape destruction even in the most carefully executed plan. It ap- 
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pears that the mortality of grubs under natural conditions is high, 
and there is the possibility that with only an occasional grub ma- 
turing the male and female flies would fail to emerge at the same 
time and mating would not be possible. In carrying out such a 
plan it is imperative that an exact knowledge of the seasonal devel- 
opment of the grubs be obtained in advance, so that the date for be- 
beginning the work will be known with a fair degree of accuracy. 
Where both species of Hypoderma occur at least four treatments 
will be required. The first should be completed some days before 
the time of maturity of the earliest larve. All cattle exposed to fly 
attack should be carefully examined. In the greater part of the 
United States calves under 6 months old would not be found in- 
fested, but under certain conditions animals as young as 5 months 
of age may be infested. 

The experiment carried out by Carpenter and his associates (78) 
on Clare Island, County Mayo, Ireland, amply demonstrates the 
possibility of complete eradication of grubs, provided all cattle are 
systematically treated. . 

The fact that a few cases of temporary sickness have resulted in 
cattle from careless hand extraction should not be allowed in any 
way to interfere with the work of destroying grubs in the backs of 
cattle. These cases are comparatively rare and the good~accom- 
plished by grub destruction far outweighs any loss which might be 
sustained. 


LEGISLATION ON GRUB CONTROL 


A very active interest is being shown in various parts of the world 
in the matter of grub control. Great Britain has for many years 
given attention to this problem, but her efforts took on more sys- 
tematic form recently when the English Ministry of Agriculture in 
collaboration with the Scottish Board and the Department of Agri- 
culture for Ireland formed a commission of experts to devise meth- 
ods of control or eradication ‘of the pest. It seems that there is a 
very strong sentiment in Great Britain in favor of the passage of 
laws to bring about the systematic destruction of the grubs. In 
Switzerland and France similar commissions have been organized 
recently; Germany (67) has had its commission functioning for 
several years; and in Denmark (26) a law was passed in 1923 by 
Parliament, looking toward the destruction of all grubs in cattle 
during the years 1923 and 1924 with a view to complete eradication 
throughout the nation. 

This action by the legislative authorities of Denmark, it should be 
remembered, followed years of individual or community effort 
against the pest. 

It is doubtful if any legislation on the part of our own countrv is 
advisable at present. After there have been large-scale demonstra- 
tions of what may be accomplished in the direction of grub eradi- 
cation through well-organized cooperative work, however, appro- 
priate legislative enactments will no doubt be called for. 


SUMMARY 


Cattle grubs of the genus Hypoderma are abundant throughout 
the greater part of the United States and southern Canada, and in 
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Germany, Switzerland, Denmark, Holland, and the British Isles, 
and probably occur throughout the remainder of ee They 
have been reported also from North Africa, western India, Mongolia, 
and parts of Japan. Of the two species, 7. bovis De Geer is essen- 
tially a northern form as shown by its distribution, both in the 
United States and in Europe. In the United States 1. lineatum is 
much more widely distributed than //. bovis, has been known for 
many more years, and has been bred from the native bison; possibly, 
therefore, it may be an American species, although now occurring in 
other parts of the world. HA. bovis, on the other hand, appears to 
have been introduced into the United States from Europe rather re- 
cently. 

Injury to cattle by these insects comes from (1) the annoyance 
caused by the flies during egg deposition and (2) the irritation pro- 
duced by the larvee within the bodies of the hosts. The yearly loss 
to the hide, tanning, and leather industries of the United States 
caused by these grubs is estimated at $5,000,000 and the yearly losses 
to the people of the United States at $50,000,000. 

Cattle are the normal hosts for both H. bovis and H. lineatum. 
The American bison is also a host of H. lineatum. Although horses 
are attacked, in nature very few larve ever reach maturity in them. 
Goats may occasionally serve as hosts but in experiments with them, 
as also with sheep, dogs, rabbits, and guinea pigs, no larve were 
successfully reared. Several cases are known of the infestation of 
man by these parasites. 

In several series of experiments with cattle controlled by muzzles 
and cages it was determined that the larve upon hatching from the 
eggs penetrate through the skin at the points where the eggs are 
laid and do not enter the host by the mouth, either in the egg or 
larval stage. 

It was found that the place where the eggs are laid on the host 
has no apparent effect either on the place where the larvee reach the 
subdermal tissues or on the time of their appearance. Larve enter- 
ing the skin of an animal on the legs may go to the submucous layers 
of the gullet, as may also larve removed from the gullets and intro- 
duced by incision under the skin on the leg of a bovine. 

H. lineatwm prefers the heels as points for the attachment of its 
eggs, but eggs may be found on many other parts of the host. #. 
bovis oyiposits on the legs, but more eggs are laid on the thighs and 
about the rumps of the cattle than with /7. lineatum. 

H. lineatum attaches its eggs in rows on the hairs; H. bovis de- 
posits its eggs singly. 

The usual incubation period for H. lineatum is from 3 to 6 days; 
for H. bovis, about 3 days. 

After penetrating the skin the larve apparently work upward in 
the connective tissue and begin to appear in the chest and abdominal 
cavity about two months after penetration. Although many larvee 
enter the connective tissue of the gullet it appears that many may 
never enter that organ. This is particularly true of 77. bovis, as 
only one larva of this species was found among 1,140 specimens re- 
moved from 563 gullets in regions where this species abounds. Of 
3,522 larve removed from 1,137 gullets, the majority were in the 
second stage, only a few being in the third. 
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The distance from the gullet and viscera to the subcutaneous tis- 
sues of the back is apparently traversed very rapidly by the larve. 
Soon after the larve reach the back they cut a hole through the 
skin. The duration of the third stage of H. lineatum after the 
skin of the back is punctured averaged 4.5 days at Dallas, Tex., and 
4.26 days in New York; in H. bovis it averaged 3.35 days in New 
York. The average duration of the fourth stage of H. lineatum was 
24.5 days and of H. bovis, 27.1 days. The development of the fifth 
stage of H. lineatum required an average of 30.3 days in Dallas, Tex., 
and that of H. bovis about 40 days in New York. 

The total developmental period in the backs of cattle has been 
determined with fair accuracy in many individuals at points in 
Texas and New York. The three shortest developmental periods 
recorded at Dallas, Tex., were between 35 and 47, between 38 and 40, 
and between 39 and 46 days, respectively. The average at Dallas, 
Tex., was 56.3 days in one series and 57.7 days in another, whereas at 
Uvalde, Tex., it was 49.4 days. The developmental period of H. bovis 
in the backs of cattle in New York was 77 days (maximum), 65 days 
(minimum), and 72.8 days (average). 

Mature larves may emerge from the host at any time of day or 
night, but the largest number as recorded by the writers emerged 
during the middle of the forenoon. The time from emergence from 
the host to appearance of the flies of H. lineatum at Dallas, Tex., 
ranged from 18 to 77 days, with an average of 41.7 days. In the case 
of H. bovis at Middletown, N. Y., this period ranged from 22 to 45 
days, with an average of 31.34 days. 

Mating of the adults of H. lineatwm takes place very soon after 
emergence, and oviposition may begin a few minutes after copulation. 
There are some distinct differences in the habits of oviposition of 
H. lineatum and H. bovis. Among other things the flies of the latter 
species are more persistent in their attack on the cattle and induce 
greater fear in them. JZ. lineatwm may ovipost at a temperature as 
low as between 40 and 45° F., but oviposits freely between 55 and 
85°F. 

The adults of H. lineatwm lived in captivity from 1 to 25 days. 
The average life of the adults of this species is about 5 or 6 days 
and H. bovis has a similarly brief life span. 

The seasonal history of H. lineatum varies widely according to 
latitude and other conditions. In southwestern Texas the flies may 
appear and lay eggs in the fall or early winter so that the whole life 
cycle may be correspondingly earlier than elsewhere in the country. 
As the higher latitudes and altitudes are approached the various 
stages in the life history are later. In the northern edge of the 
United States the adults do not begin to emerge until about April 1. 
The seasonal development of the larvze is closely correlated with that 
of oviposition; for instance, in southwestern Texas the earliest grubs 
may reach the backs of the cattle in July, at Dallas, Tex., in Sep- 
tember or October, at Ames, Iowa, during January, and at Herkimer, 
N. Y.,in February. The earliest appearance of the larve of H. bovis 
in the backs of cattle is somewhat later than that of H. lineatum. 
The dates in different regions when the earliest larvae become mature 
and leave the host, and the dates when the last larva has reached the 
back, are matters of much importance in connection with control 
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and have been determined and mapped with a fair degree of accu- 
racy in several parts of the country. In general the duration of 
infestation of the backs of cattle with H. bovis is longer than with 
H. lineatum, owing to the longer developmental period required by 
H. bovis. 

Temperature, humidity, cloudiness, and drainage are important 
factors in natural control. Host resistance as acquired by age 
is also an important factor in holding down the abundance of 
Hypoderma. No important insect enemies or diseases affecting 
Hypoderma have been found. 

The most effective time for the practice of control procedure is 
during the period of development of the larve in the subcutaneous 
tissues of the back. Destruction of the larvee may be accomplished 
by hand extraction with or without the aid of forceps. In the case 
of certain breeds of cattle extraction of the grubs is very difficult. 

Tests of the application of washes, powders, and ointments to the 
backs of the cattle and also the injection of substances into the cysts 
containing the larve show that each of these methods of treatment 
is eifective if certain materials are used. Among the most effective 
should be mentioned: Derris used as a wash, as an ointment, or as 
a powder; iodoform used as an ointment; pyrethrum applied as an 
ointment; benzol and carbon tetrachloride injected into the grub 
cysts; fine tobacco applied in powder form and nicotine dust applied 
dry. 

No adverse effects on the host have been observed in this country 
from the destruction of the grubs in the backs of cattle with suitable 
insecticides. 

The cost of extraction or treatment depends on the skill of the 
operator but in all cases it is small compared with the benefits 
derived. 

Experiments with the application to the feet and legs of cattle of 
certain insecticides and repellents by means of wading vats show 
-that with the materials used control was not brought about, and indi- 
cate that attack directed against the eggs or young larve in this way 
will not be successful. 

Results of individual effort against cattle grubs is likely to be dis- 
appointing, especially if the work is not thoroughly done and if 
untreated cattle are in close proximity to the treated herd. 

Systematic treatment of all infested cattle in a neighborhood either 
by extraction or by the use of insecticides appears to be a practical 
method of control or eradication. Although these methods are best 
adapted to dairy or farm conditions it is probable that they may be 
modified so as to be applied successfully to range cattle. 

In order successfully to combat the insects by destroying the 
larve in backs of cattle it isenecessary to treat all infested cattle at 
intervals of not to exceed 35 days. The first treatment must be given 
before the earliest larvee have matured and left the host. In most 
parts of the United States it is necessary to treat the animals four 
times during a season to reach all of the larve. The time of begin- 
ning the treatments in different parts of the country is indicated in 
the discussion of seasonal history. 
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INTRODUCTION 


Several dry substitutes for liquid lime-sulphur have been on the 
market for a number of years, but their value as remedies against 
the San Jose scale (Aspidiotus perniciosus Comstock) appears to be a 
disputed point. A brief abstract of the published experiments cover- 
ing this point is given below. 

The Arkansas station in 1921 (4, p. 18)! summarizes its work 
with certain sprays against the San Jose scale by stating that barium- 
sulphur,” calcium-sulphur, and sodium-sulphur “ while highly effective 
in the season of 1921, were not so satisfactory during the two previous 
yeas, and can not yet be given as strong a recommendation as lime- 
sulphur.” 

n the annual report of the State entomologist of Colorado for 
1922 (25, p. 47) experiments with a dry calcium-sulphur used on plots 
6, 7, and 8, respectively, at the rate of 49, 50, and 56 pounds to 200 
gallons of water are summarized as follows: 

In the dry lime-sulphur plots, plot No. 8 shows a 3.08 per cent better kill than 
plot No. 6. This difference might possibly be attributed to the nozzle holder as 
different men did the work. Plot No. 7 shows perfect control, but the infesta-: 
tion was so light that a satisfactory count could not be made. 

The Connecticut station in 1923 (6, p. 330) reports the following 
results of experiments against the San Jose scale: Liquid lime-sulphur, 
77.3 per cent killed; barium-sulphur, 72.6 per cent killed; calcium- 
sulphur, 74.9 per cent killed. 


1 Reference is made by number (roman) to ‘‘ Literature cited,” pp. 25 and 26. 
? For convenience in discussion the substitutes for liquid lime-sulphur are referred to as calcium, sodium, 
and barium sulphurs. 
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The Idaho station in 1918 (9, p. 9) says, “ Dry lime-sulphur manu- 
factured by the * * * company was added to the experiment in 
1917. It gave very encouraging results, but we are not prepared at 
this time to make any recommendations regarding this spray.” 

On page 15 results with a sodium-sulphur are given as follows: 
1915, 20 pounds to 100 gallons of water, 64 per cent killed; 1916, 
25 pounds to 100 gallons of water, 82 per cent killed; 1917, 25 pounds 
to 100 gallons of water, 93 per cent killed. 

In the summary it is stated that the sodium-sulphur “ gave fairly 
good results in 1917, but we can not recommend its use over lime- 
_ sulphur.” 

The Illinois station in 1919 (6, p. 4) records tests made with a 
sodium-sulphur, a barium-sulphur, and two calcium-sulphurs,.showing 
the following results: Sodium-sulphur, excellent control; barium- 
sulphur, fair to good control; calcium-sulphurs, excellent control. 

In Bulletin XIII of the Division of Natural History Survey for 
November, 1920 (10, pp. 841-342), additional tests are reported for 
one orchard as follows: Sodium-sulphur, good control; barium-sulphur, 
good control; calcium-sulphur No. 1, good to excellent control; ecal- 
Cees No. 2, good control; calcium-sulphur No. 3, poor to fair 
control. 

For another orchard: Sodium-sulphur, fair to good control; barrum- 
sulphur, fair to good control; calcium-sulphur No. 1, good control; 
calcium-sulphur No. 2, good control; calcitum-sulphur No. 3, very poor 
control. 

The general conclusions are: 

The results of two years’ work with these materials seem to show that some 
dry sulphur compounds, if used at sufficient strength, are effective in controlling 
the San Jose scale. From the results of the past season where * * * dry 
lime-sulphur was used at a strength of 1214 pounds to 50 gallons of water, it is 
apparent that these materials should not be used at a less rate than 15 pounds 
to 50 gallons of water. 

In 1922 (22, p. 2) it is stated that ‘‘the diluted spray must con- 
tain 15 pounds of sulphur in 50 gallons,” and in 1924 (2, p. 8) the fol- 
lowing recommendation is made: Hach 50 gallons of dormant 
spray should contain * * * or 15% to 28* pounds of dry lime- 
SUe OER Sk ee 

In its annual report for the year 1919 (7, p. 44) the Kentucky 
station says: 

Use of dry lime-sulphur in sprays——Four samples of dry lime-sulphur were 


submitted by the department of horticulture for analysis. It had been noted 
that the use of the particular samples did not give the results expected. 


The Missouri station in 1920 (13, p. 7) states: 


Some report good results with dry lime-sulphur used at the rate of about 1 
pound to 4 gallons of water. However, the writer’s experience leads him to 
believe that in their present form the brands of dry lime-sulphur will not control 
this pest as effectively as the better brands of lime-sulphur solution. 

In 1922 (14, p. 62) are reported tests with three calcium-sulphurs, 
one barium-sulphur, and one sodium-sulphur used at the rate of 12 and 
20 pounds to 50 gallons. In no case were the dry materials as 
effective as liquid lime-sulphur, and the following conclusions are 
drawn: ‘‘The above results show that it was practically impossible 
to eradicate San Jose scale from infested peach trees by means of 


3 Recommendation for points north of Hancock and Vermilion Counties. 
4 Recommendation for Hancock and Vermilion Counties and points in same latitude or south. 
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a spray, but the proper application of most of the materials listed 
gave good control.” — 
In 1923 (15, p. 2) it is stated: 


_ During the past three years most growers in this State have controlled the 
scale with lime-sulphur, though some have lost faith in it. Dry lime-sulphur 
preparations have failed in our experiments to give satisfactory control. 


The New Mexico station in its annual report for 1918-19 (2, 
p. 15) says: 


5. San Jose scale——Dry lime-sulphur and concentrated lime-sulphur were used 
as spraysfor the above scale. Thedry lime-sulphur dissolves readily, with little 
or no residue, is much more easily prepared, saves time, and is just as effective. 
Many of the chemical spray companies think the prices will be so reduced in 
another year that every farmer and orchardist will be able to use it. Between 
the two above sprays, the dry lime-sulphur is the coming insecticide for the San 
José scale. 


In the report of the New York station for 1923 (20, p. 41) is found 
the following statement: 

In this season’s efforts provision was made for tests of various commercial 
sulphides in a powdered or granular state in comparison with lime-sulphur solution 
at standard strength. On the basis of the initial killing of the San Jose scale 
on old apple trees, the dry sulphides were noticeably inferior to lime-sulphur, while 
oil emulsions gave better control of the pest than lime-sulphur. 

In the monthly bulletin of the Ohio station for February, 1920 
(16, pp. 50-51), tests are reported with one calcium-sulphur, one 
sodium-sulphur, and one barium-sulphur, and it is stated that ‘‘com- 
mercial or practical control” was obtained. 

In a later issue (1, p. 25) the following statement is made: 

The powdered lime-sulphur has not yet been sufficiently tested to warrant us 
in recommending it as a perfect substitute for the liquid lime-sulphur, but we 
have cleaned an orchard badly encrusted with San Jose scale by applying it 
in the spring, 12 pounds to 50 gallons of water. * * * Until more extensively 
tested we do not recommend it as being so reliable for cleaning badly infested 
orchards as liquid lime-sulphur or miscible oil, but believe it can be safely used 
for a few seasons, at least, as a dormant spray in orchards only slightly or not 
at all infested with scale. For dormant use, mix 15 pounds with 50 gallons of 
water. 

The Oregon station in 1924 (2/, p. 8) states that barium-sulphur 
“has been shown to be a fairly effective contact poison, but it possesses 
no distinct advantage over the lime-sulphur solution except that it is 
in powder form and convenient to handle,” and sodium-sulphur “is 
similar to lime-sulphur except that lye is used instead of lime in its 
preparation. As a dormant spray it has been found satisfactory, but 
it has no superiority over the lime-sulphur.”” 

In reference to calcium-sulphur this bulletin says: : 

When dry lime-sulphur is used either for the dormant spray or for the summer 
sprays it should be applied in amounts equivalent to the liquid lime-sulphur in 
order to obtain equivalent protection. Since each gallon of lime-sulphur solution 


contains 3.4 pounds of active ingredients it would take 4 pounds of a dry lime- 
sulphur having 85 per cent active ingredients to be equivalent to 1 gallon of liquid 


lime-sulphur. Therefore, in making dilutions for the various sprays 4 pounds of 
the dry lime-sulphur should be used for each gallon of liquid lime-sulphur, Baumé 
33°, necessary. While this amount is much higher than is recommended by the 
manufacturer, field experiments carried on in different parts of the country have 


indicated conclusively the need of using larger amounts than the manufacturers 
have recommended in the past, particularly when weather conditions favor the 
development of serious disease epidemics. 
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The Texas station in 1920 (24, x 7) summarizes the results of 
tests made with a sodium and a calcium-sulphur and a commercial 
liquid lime-sulphur as follows: 

The fact that infestation increased heavily on all the trees in the check rows 
while at the same time there was nearly perfect control in the case of the sprayed 
trees, shows that all three materials were very effective in controlling the San 
Jose scale under the conditions of this experiment. So far as we could determine, 
there was very little if any difference in the effectiveness of the three materials. 

It is realized, of course, that this is only a preliminary experiment and that 
further tests should be made with such mixtures before final recommendations 
can be made. 

Numerous experiments with dry sulphur preparations are reported 
by the Washington station (17; 18, p. 21) and the conclusions are 
drawn that in certain parts of the State none of the sulphur sprays are 
effective against the San Jose scale. 

In the April, 1924, issue of the Journal of Economic Entomology 
(S, p. 288-289), J. J. Davis, of Purdue University, reports a large 
series of tests made with various preparations against the San Jose 
scale, and says: 

Results—We have concluded from these tests and many scattered observa- 
tions, that the dry lime-sulphur is inefficient against the San Jose scale as it occurs 
at the present time in southern Indiana when used at label strength. The liquid 
concentrate proved ineffective under the conditions which have prevailed in 
southern Indiana the past few years. These results are corroborated by results 
secured where the scale could not be checked even when 1-6 strengths were 
used thoroughly. Even with a 90 per cent kill, the 10 per cent live scales on 
moderately or heavily infested trees are able to increase and encrust a vigorous 
tree by fall. The dry lime-sulphur when used at twice label strength was about 
equal in effectiveness to the liquid concentrate. 

The lack of agreement in the conclusions reached by the investi- 
gators quoted above may be explained in several ways: 

(1) The results were taken in many different ways and, in some 
cases, the methods used apparently do not correctly represent the 
effect of the treatment on the hibernating scale. al 

(2) These experiments cover a period of six years, and it is gener- 
ally recognized by entomologists that the virility of this scale in a given 
locality may vary greatly in the course of several years, and, more- 
over, some of these tests were made when the vitality of the scale was 
very low. This has been well shown in Arkansas (3) where, prior to 
1918, the scale had been kept in check by one dormant treatment 
with liquid lime-sulphur. From 1919 to 1922 this pest became so 
virulent that liquid lime-sulphur could no longer be relied on, even 
when two applications at greatly increased strengths were used. That 
this was not the result of faulty spraymg is shown by experiments of 
the Bureau of Entomology at Bentonville, Ark., in 1921 and 1922. 

(3) It is also a well-established fact that the vitality of this species 
of scale varies with the locality, and some of these experiments were 
made in sections where the scale is not difficult to control. This 
regional variation in resistance has been demonstrated by the work 
of A. L. Melander (19) in Washington. 

_(4) In many cases only the percentage of dead or living scale is 
given and such results are very misleading if the number of dead 
scales in the untreated plats, or checks, is not taken into considera- 
tion. 


5 See “‘ Percentage of control,”’ p. 6. 
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In view of these very conflicting data, further experiments were 
deemed necessary, and the entomologists of the Insecticide and 
Fungicide Board, working under the direction of the Bureau of 
Entomology, have, therefore, very carefully tested a representative 
series of the dry substitutes for liquid lime-sulphur, as dormant sprays 
against the San Jose scale.® 

These preparations have been tried at several dilutions under 
practical orchard conditions as dormant sprays against the San Jose 
scale on peach trees in Mississippi and Alabama and on apple trees 
in Indiana and Virginia. In every case unsprayed trees and trees 
sprayed with liquid lime-sulphur were included as controls. 

The tests, which cover a period of three years and have been car- 
ried on in four different States, form the basis of this report and they 
are confirmed by numerous other experiments that have been 
made in cooperation with the writers in other parts of the country.’ 


MATERIALS USED 


All of the materials used in these experiments were purchased in 
the open market, analyzed, and kept under seal until tested. New 
samples were collected each year and nothing but fresh material, 
which had not been exposed to the air, was used. Although the 
different samples vary slightly in chemical composition, they are, 
on the whole, very similar and typical of the dry substitutes for 
liquid lime-sulphur now being sold. The analyses of the preparations 
tested are given in tables preceding each set of experiments. 


LIQUID LIME-SULPHUR 


A good commercial liquid lime-sulphur solution should test from 32 
to 33° Baumé (sp. gr. 1.283 to 1.295), and analyze approximately as 
follows: Calcium polysulphide 30 to 32 per cent; calcium thiosulphate 
1.5 to 2.5 per cent; traces of calcium sulphate; impurities from the 
lime; and the remainder water. A comparison of the composition of 
the liquid and dry lime-sulphurs shows that the latter contain roughly 
about twice as much calcium polysulphides; from three to five times 
as much calcium thiosulphate; and, in addition, from 8 to 14 per cent 
of free sulphur, which does not occur in liquid lme-sulpbur solution. 

Since a gallon of commercial liquid lime-sulphur (32° Baumé) 
weighs about 10.7 pounds and contains approximately 32 per cent 
of calcium polysulphides, a dilution of 6.66 gallons to 50 gallons of 
spray (1 to 7.5), which was the strength used in the tests here reported, 
will furnish approximately 22.8 pounds of calcium polysulphides in 
each 50 gallons of spray material. 


RECORDS TAKEN 


Two kinds of records were taken in these experiments, one on the 
hibernating scales and one on the young scales settling on new wood. 
In order to determine the effect of the treatment on the hibernating 
scales, a number of twigs and branches were cut from all parts of the 


6 The fleld experiments were under the direct supervision of J. J. Culver, who also made nearly all of the 
records. 

7A.J. Ackerman in Arkansas, O. I. Snapp in Mississippi, J. J. Culver in Georgia, and J. EH. Fouser and 
J.J Davis in Indiana. 
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record trees. These were placed under a binocular, the scale cov- 
ering was lifted with a needle, and the scale examined to determine 
whether it was living or dead. Two thousand scales were counted 
from each plat, except from those used in the 1921 experiments in 
Indiana, where only 1,000 were counted. In this examination only 
the hibernating females were recorded, the last season’s dead scales 
and the young scales, which would not in any case survive the 
winter, being disregarded. These counts were made approximately 
one month after treatment.® 

In addition to the examination of the hibernating scale to deter- 
mine the percentage actually killed by the spray, a careful count of 
the newly settled scale on 80 linear inches of new wood was made. 
This was done for the first and second generations on peach trees and 
for the first generation on apple. These records show the continued 
effect of the dormant spray as well as the value of the treatment in 
preventing reinfestation of the treated trees. , 

For this purpose a number of twigs.with a total length of 80 linear 
inches were selected from each plat, care being taken to secure repre- 
sentative twigs from branches with approximately the same original 
infestation. The number of newly settled scales on these 80 inches of 
wood was counted and the average number per inch taken as a meas- 
ure of the reinfestation resulting from the scale not killed by the 
dormant spray. 

PERCENTAGE OF CONTROL 


In computing the actual value of a given treatment against an 
insect where it is possible to make an accurate count of the living and 
dead individuals and no satisfactory data can be obtained to show the 
effect of the infestation on the host plant or the crop produced, it is 
necessary to take into account the number of dead insects in the 
untreated check. In the following experiments the figure designated 
“percentage of control” is obtained as follows: 

Let X = per cent living in the untreated check. 
Let Y =per cent living in the treated plat. 

Then _X —Y =per cent actually killed by the treatment. 

The ratio of the percentage actually killed by the treatment 
(X —Y) to the percentage living in the check (X) will give the actual 


efficiency of the spray, or a = x 100 = per cent control. 


DRY CALCIUM-SULPHURS 


These so-called dry lime-sulphurs, which are sold as substitutes for 
liquid lime-sulphur solutigns, are of comparatively recent develop- 
ment, and their sale has reached large proportions. The great 
quantity of water in lime-sulphur solutions makes this product 
objectionable as a commercial preparation from the standpoint of 
packing and shipping. Many efforts have been made to eliminate this 
feature and to obtain a lime-sulphur product in dry form that is at the 
same time susceptible to ready solution. Several “‘dry’’ methods of 
preparation have been tried, but in general the method of manufacture 


8 A. L. Melander (19) has shown that an examination made at this time gives the most reliable index of 
the efficiency of a dormant spray against the San Jose scale. 
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is first to prepare commercial lime-sulphur solution in the usual 
manner, then to add a ‘“‘stabilizing”’ substance (usually cane sugar) , 
and finally to evaporate the solution to dryness, either in vacuo or at 
atmospheric pressure in the presence of aninert gas. Several patents 
have been issued for the preparation of a dry lime-sulphur,’ but 
practically all of that produced at the present time is made by the 
process of evaporation under reduced pressure in the presence of 
a ‘“‘stabilizer.”’ 
CHEMICAL COMPOSITION 


Commercial dry calcitum-sulphur, or dry lime-sulphur as it is usually 
called, contains a relatively large percentage of insoluble matter, con- 
sisting chiefly of free sulphur and smaller amounts of calcium sulphite 
and lime. This high percentage of insoluble matter is objectionable 
because it decreases the active ingredients and tends to clog the nozzle 
of the spraying apparatus. The average composition of six different 
brands of dry lime-sulphurs,'° representing the principal brands on 
the market, are given in Table 1. 


Taste 1.—The chemical composition of representative dry lime-sulphurs 


Average percentage found 
at Number 
Brand wee . ther jofsamples 
Sean paca Free ingre- | averaged 
| phides1| phate ? sulphur | dients 
(diff.) 3 
7. ol 6. 96 8. 44 17. 29 10 
64. 67 9. 66 10. 31 15. 36 |: 10 
70. 59 8. 72 8. 09 12. 60 4 
59. 68 8.15 11. 79 20. 38 5 
60. 82 6. 42 14. 08 18. 68 4 
64. 69 9, 09 8. 87 Weao 10 
64. 90 8. 34 9. 86 16. 91 43 


1 The sum of the polysulphide sulphur and the polysulphide calcium. 
2 Thiosulphate sulphur calculated to calcium thiosulphate, CaS203. 
$ Mainly water, sugars, calcium sulphite and insoluble impurities. 


EXPERIMENTS IN 1921 


For the experiments made in Indiana in 1921 an old apple orchard 
at Washington, Ind., badly infested with the San Jose scale, was used. 
This was divided into plats of three to five trees, each with approx- 
imately the same infestation. A dormant spray was applied on 
March 22 and 23, using a power sprayer maintaining a pressure of 
225 pounds, with two spray guns. From 9 to 12 gallons of spray 
were applied to each tree. 

The composition and dilutions of the essential materials used are 
given in Table 2. 


§ United States patents Nos. 460,227; 997,601; 1,186,564; 1,281,741; 1,254,908; 1,336,957; 1,338,678; 1,374,951; 
* 1,422,977; and 1,423,605. 
” Material purchased on the open market. 
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TaBLE 2.—Composition of the dry calcium-sulphurs tested in experiments against 
the San Jose scale in 1921 


Per cent of— pes 
Quantity Quantity 
M ealtiecd | used in of poly- 
aterial use Calcium | Calcium | proo sy]-| 50 gal- pene 
polysul- | thiosul- | ** ee lons of kai gal- 
phide phate paar spray ons 
| 
| Pounds 
Dryclime-sulp hur Ae A ee eae eles Le | ae Sia 7. 38 4.70 | 13.5 Ibs. | 9. 70 
A D fosters, CNET ReMi Ge RTL MEL. geen AD are 71. 87 | 7.38 4.70 | 20 lbs. 14. 37 
LD OYE A ea aie BS SA aS es OS eh kL 8 Wy hak ot le 8 | 71. 87 | 7. 38 4.70 | 27lbs. | 19. 40 
Dryeline-SUphurs se eee sees ea econ en gee eae ae 64. 80 | 8. 81 | 11.15 | 12.5 Ibs. | 8. 10 
TD Qa Fated uss SDA EER PEEL ENE IIA NE | 64. 80 | 8. 81 | 11.15 | 19.5 Ibs. 12. 63 
TD) seo DG SR a gi ola ae DE ek bi 64. 80 | 8. 81 11.15 | 25 Ibs. 16. 20 
Dryalinie=s tal po wary Cy ee es a ete | 73. 92 | 9.35 | 4.09 | 13.5 Ibs. 9.97 
IDXoya BS ROPE Pad Ras Gey AT ee oe el Bee RT aod Re Bee Y i 73. 92 | 9.35 | 4.09 | 19 Ibs. 14. 04 
1B Yo ee ee Bed BOR AR Uae ve a a RCL ae | 73. 92 9.35} 4.09 | 27 lbs. | 19. 95 
Liquid lime-sulphur!__________- i UC eee es ita7 A 12G5)i| ete ia 6.66 gals. 22.75 
1D Joye (ees Sites ee a Ee ew aa POR UQRVNR WiNe eRe | 31. 57 | 1.95 | iy Wales ue 3.25 gals. 11. 10 


1 Sp. gr. 1.30; Baumé 33.4°. 


On April 23, twigs were taken from all parts of the trees and a 
count of 1,000 hibernating scales was made for each plat. The 
results of these experiments are given in Table 3. 


TaBLE 3.—Results of tests against the San Jose scale made on apple trees at 
Washington, Ind., in 1921 


Quantity| Hibernating scale 
s in 50 gal- 
Material used Tonsvoe 
spray Dead Control 
Pounds | Per cent | Per cent 
Ty LUIMO=SUlp WUE eA ees: SRE A ae VL ee alee ear Save nl 13.5 75. 2 14.5 
20 83. 6 43. 5 
27 80. 4 32.4 
Dryzlime-sulphur Bee esse STE Siete ates keke 12.5 78.3 25. 2 
i 19.5 84.0 44.8 
25 83.1 41.7 
DD ena DHL icy s Of) oN HH ch Ope ly Peewee eR eee a i a EN ee I ale Be 13.5 (hile 72 5 
19 89.6 64.1 
27 84.0 44.8 
Gallons 
DAKO RDU YG be) Db caVerspb No) oN ces mepegsee es ee Se SE SI We By ee Ea ae nalih oe 6. 66 88. 4 60. 0 
3. 25 70.4 0 
GHC Cis ate Ee ee a SO Sas eye TAO ed a ek oe hs ee eae Se Aes BE (1) 71203) 228 s82 oe 


1 Untreated. 


The results shown in Table 3 indicate that at dilutions of 12.5 to 
13.5 pounds to 50 gallons these dry lime-sulphurs were of no practical 
value against the San Jose scale, and when the strength was increased 
they did not furnish a practical control. Liquid lime-sulphur used at 
the rate of 3.25 gallons to 50 gallons of water, which is roughly equiva- 
lent to the weaker strength of the dry materials, was of no value. 


EXPERIMENTS IN 1922 


The experiments on apple trees in 1922 were conducted at Bicknell, 
Ind., in a scale-incrusted orchard, which was divided into plats of 
three to five record trees. The application was made on March 15, 
using a power sprayer which maintained a pressure of 250 to 275 
pounds with one spray gun and one rod. From 9 to 10 gallons of 
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spray were used per tree. The composition and dilution of the 
essential materials in the sprays are shown in Table 4. 


TaBLe 4.—Composition of the dry calcium-sulphurs tested in experiments against 
the San Jose scale in 1922 


Percentage of— i 

Quantity Quant.ty 

: Us an ee eey ee Mery AUR TeL 
Material used Calcium | Calcium gallons |SU!Phides- 

poly- | thio- | Sulphur| — of peo 

sulphides| sulphate spray | 22o0ns) 

Pounds | Pounds: 
rygane-SuUlp WUT lAls ss 2k owed eas ek 70. 72 8. 76 3. 35 13.5 9. 54 
DY SS See Se eee OR Te are cu eh an 70. 72 8. 76 3. 35 20 14. 14 
TOD rc Sp a tT ae ca a Ci ea 70. 72 8. 76 3. 35 27 19. 09 
Drvglime-sulp hry ies. 2S APA eee ts 72. 43 9. 33 6. 50 12.5 9. 05 
DY i}s op BREA 9 8 Re) 8 Bor Sh 9 a ee ee 72. 43 9. 33 6. 50 19.8 14. 34 
TOV US EES SEERA. ie See etn a eee 72. 43 9. 33 6. 50 25 18. 10 
PVA e SIT T O eee ee 2 BAR Ae sO 69. 16 12. 53 6. 03 13.5 9. 33 
sO St oe ES Bd See te Gi ye et eas ete Oa 69. 16 12. 53 6.-03 20 13. 83 
TOY Gs ES SOR Ee Ae SS AEE Oo AE SR NS Ds eee aD ee a 69. 16 12. 53 6. 03 27 18. 67 

Gallons 

imiquidsume-sulphur.? 9.25.5. 288! ke 31. 71 iste el Ses seee ee 6. 66 22. 87 
WG ebb ee el el SS Be ee UE Ae 31. 71 WSO jesse eek 3. 25 11, 16 
Wiguidsume-sulp hur se 220 2 Leo ee Ne 30. 59 1 88 rip ete ke 6. 66 21. 88 
ID DE odes Se ee eee 30. 59 NSS) Maen se 3. 25 10. 68 


1 Used in Mississippi; sp. gr. 1.30, Baumé 33.4°. 
2 Used in Indiana; sp. gr. 1.29, Baumé 32.6°. 


On April 26 a careful count was made of 2,000 scales on twigs 
taken from all parts of the trees in each plat. On June 29, 80 linear 
inches of new wood from each plat were examined and the number 
of young scales of the first generation recorded. The results of these 
counts are given in Table 5. 


TaBLe 5.—Results of tests against the San Jose scale made on apple trees at. 
Bicknell, Ind., in 1922 


: ‘ Infestation of young scales on 
. Hibernating scales 80 linear inches new wood 
Quantity 
Material used ie 
ee Total | AVerage | Percent- 
Dead Control Beale per age of 
inch check: 
Pounds | Per cent | Per cent 
Pprynic-siipuir AS: eee 13:5 65. 5 23.3 8, 801 47. 51 42.8. 
20 80. 5 56. 6 2, 882 36. 02 32. 5 
27 84.6 65. 7 2, 459 30. 73 27.7 
BER UITC-SI DUT bee on nee ek oe 12.5 69.8 32. 8 5, 008 62. 60 56. 4 
19. 8 75.1 44. 6 3, 684 46. 05 41.5 
25 79. 8 55. 1 2, 471 30. 88 27.8 
Mmy Ne- ADOT Oe ie. ae a naw aw enn 13.5 60. 7 12.6 4, 806 60. 07 54, 2° 
20 78. 5 52, 2 8, 111 88. 88 85. 1 
27 81.3 58. 4 2, 279 28. 49 265. 7 
Gallons 
MICtICN MIue-StpUUr?—...-552.5--22--s--5- 6. 66 97.6 94. 6 175 2.19 2. 0! 
| 3. 25 70. 8 35, 1 8, 547 44, 34 40. 0 
CLO NS i ee ee ee Untreat- SBbROV iE. eee 8, 873 LORIN ewe se 
ed, 


APPLE TREES, 1922 


In the 1922 experiments, as in those of 1921, the weaker solution 
failed to give any practical control of scale. Although a much 
higher percentage of control was obtained with the greater strengths, 
it was still much lower than that secured with liquid lime-sulphur and 


§8254—26f- 2 


10 BULLETIN 1371, U. S. DEPARTMENT OF AGRICULTURE 


can not be considered satisfactory. Liquid lime-sulphur at 3.25 gal- 
lons to 50 gallons of water was a little more effective than the weaker 
strengths of the dry lime-sulphurs. 

These results are confirmed by the counts of young scales that 
settled on the new wood, since the average number of scales found on 
the twigs treated with the weaker solutions of the three dry lime- 
sulphurs was 25.9 times the number found in the liquid lime-sulphur 
plat and approximately 50 per cent of the number found on the un- 
treated check. The strongest solutions of the dry materials gave an 
average of 59.7 per cent control and an average of 27 per cent as 
many young scales on the new wood as were found on the untreated 


checks. 
PEACH TREES, 1922 


The same spray materials (see Table 4) were tested against the San 

Jose scale on peach trees at Canton, Miss., where plats of five trees 
each were given a dormant spray on February 12 and 13. A barrel 
pump, maintaining a pressure of 100 to 125 pounds with a rod and 
disk nozzle, was used and an average of 114 gallons of spray material 
was applied to each tree. 
_ The count of hibernating scales was made on March 7 and the 
counts of the newly settled scales of the first and second generations 
were made from June 1 to 3 and from August 10 to 12. The results 
of these tests are given in Table 6. 


TABLE §.—Results of tests against the San Jose scale on peach trees at Canton, Miss., 


in 1922 
Hibernating Infestation of young scales on 80 linear inches 
scale new wood 
Quanity, First generation Second generation 
Material used gallons of | 
spray 

Dead |Control Per er 

Total Average cent | Total ANEIAGS cent 

scale en of scale ae of 

check check 
| 
Pounds Per cent| Per cent | 
Dry lime-sulphur A_.-... 13. AION e270 403 5. 04 27.1 899 123 42.4 
20 45.4 BLD 336 ASO Meo ai 683 8.53 32.2 
27 54. 1 42.4 194 2. 42 iBSal 671 8.38 31.6 
Dry lime-sulphur B-__-__ 12.5 43.3 28.9 375 4. 69 25.3 732 9.15 34. 5 
19.8 49.0 36. 0 292 3. 65 19.7 629 7. 86 29.7 
25 5722 46.4 202 24, [583 13.6 643 8. 03 30.3 
Dry lime-sulphur C_____- 13.5 BIS BBS U6 376 4.70 25.4 688 8. 60 32.4 
20 48.6; 35.6 275 3. 44 18.5 588 1:30 Dee 
F a 56.21) 45.1 145 1.81 9.8 420 5. 25 19.8 
allons | 

Liquid lime-sulphur_-_-__- . 66 77.6 71.9 37 46 200 117 1. 46 5.5 
3. 25 31.2 | 13.8 437 5. 46 29:5 600 7. 50 - 28.3 
Checks .2issi eee ea Untreated. 2082 bud See 1, 483 1854) 2 See: 2,121 | 26.51 |22-2- 22 


In the experiments reported in Table 6 the weaker solutions of 
the dry lime-sulphur gave an average control of 26.6 per cent, and the. 
stronger solutions 44.6 per cent, as compared with a control of 71.9 
per cent for liquid lime-sulphur. 

On the new wood the weaker strengths of the dry materials showed 
an average of 4.8 scales of the first generation per linear inch. The 
strongest solutions gave 2.25 per inch and the liquid lime-sulphur 0.46. 
The untreated checks showed an average of 18.5 scales per inch. 
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In the second generation the weaker strengths showed about 36.4 
per cent and the greater strengths about 27 per cent, as many young 
scales as were found on the untreated check. These figures show an 
infestation 6.6 and 4.9 times as great as where the liquid lime-sulphur 


was used. 
EXPERIMENTS IN 1923 


APPLE TREES 


The tests on apple trees were conducted at Stuart, Va., in an 
18-year-old orchard moderately infested with scale. Plats of five 
trees each were given a dormant spray on March 8, usthg a power 
sprayer which maintained a pressure of 225 pounds with one spray 
gun. An average of 12 gallons per tree was used. The composition 
and dilutions of the essential materials in these sprays are shown 
in Table 7. 


TABLE 7.—Composition of the dry calcium-sulphurs tested in experiments against 
the San Jose scale in 1923 


Percentage of— Pounds 
ibe ae ote 
: ; j used in | sulphide 
Material used Calcium | Calcium | p,o. | 50 gallons) in 50 
poly- thio- Sjeliavarvic of spray | gallons 
sulphides} sulphate oe of spray 
4 Pounds 
Pe PYAISTC SUID AUG A ses ke Meee yey oe ek one eee ee 72. 09 9.45 1.42 15 10. 81 
Do Papua ee Re. ry tee cs Pal ol Rel ie 72. 09 9. 45 1.42 27 19. 46 
PPC BN Ee STEN TILT Es ees oe nee mes SS a 68. 68 11.18 6. 40 15 10. 30 
Do Se BSS L ie SESE Le Ee a ag et ait ee 68. 68 11.18 6. 40 27 18.54 
Pinvsnine-si ip ntir ©) oan ee as oe ee 78. 78 9. 00 . 86 15 11. 81 
TDD cet tek mae cal le hat GS all la al a carer ten ek Mabe 78.7 9. 00 . 86 26 20. 48 
Zsa ase Gallons 
Liquid lime-sulphur !______________..-_____- i ee 30. 34 Pea AU ees ee 6. 66 21. 53 


1 Specific gravity 1.28, Baumé 31.8°. 


The count of hibernating scales was made on April 11 and the first 
generation of the scaleon new wood was counted on June 27. The 
results of these experiments are shown in Table’8. 


Tasie 8.—Resulis of tests against the San Jose scale made on apple trees at Stuart, 


Va., in 1928 
‘ q , Infestation of young scale on 
_ | Hibernating'scale |" tinear inches new wood 
Quantity 
Material used nse : mA aaNet 
ere Percent- 
of SPraY | Dead | Control Total Average | “ ago of 
scale per inch is 
check 
| Pounds | Per cent | Per cent 
ry lime-shiphur Aw 1 oe Se | 15 48,7 33. 6 289 3. OL 35, 9 
27 69.1.) . 60.0 124 1.55 15.4 
Dry lime-sulphur B__-.-..-_-_- 15 WY, 2 47, 2 204 3. 68 36. 6 
| 27 74.6. [04 67.1 117 1. 46 14. 6 
Dry lime-sulphur C.._.- J 19,0 30. 3 258 3, 23 82. 1 
26 71.4 63. 0 132 1. 65 16.4 
| | 
| Gallons 
Liquid lime-sulphur..._....00.-.22.2..--.| 6/66 | 97.0) | 96, 1 51 | . 64 6, 84 
Ings eee ae eee ee ee J | ()) yp Myf os $04 10,05 |..... Pi 


1 Untreated. 
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In the experiments reported in Table 8 the dry lime-sulphurs at the 
rate of 15 pounds to 50 gallons of water gave an average control of 
38.7 per cent, and at 26 and 27 pounds to 50 gallons an average con- 
trol of 63.4 per cent as compared with 96.1 per cent for liquid lime- 
sulphur. 

The average number of young scales per linear inch of new wood 
for the same experiments was 3.5, 1.55, and 0.64. Although the 
number of young scales found per inch of new wood was rather small, 
it should be noted that the 15-pound treatment allowed 5.5 times as 
many scales to settle as did the liquid lime-sulphur; and the 26 and 27 
pound treatments 2.4 times as many. 


PEACH TREES, 1923 


The same materials (see Table 7) were tested against the San Jose 
scale on peach trees at Canton, Miss., in the same orchard that was. 
used in 1922, although the infestation was not so heavy as that of the 
previous season. From five to seven trees were used per plat, and 
these were sprayed on February 14, using a barrel pump which main- 
tained a pressure of i100 to 125 pounds with a rod and disk nozzle. 
An average of 114 gallons per tree was applied. 

The hibernating scales were counted on March 23 and the counts 
of the first and second generations were made on June 27 and October 
4. The results of these experiments are shown in Table 9. 


TABLE 9.—Results of tests against the San Jose scale on peach at Canton, Miss., 
in 1923 


Infestation of young scale on 80 linear inches 


Quan- Hibernating ney eed 
- scale 
tity 
“ in 50 First generation Second generation 
Material used gallons 
of 
spray Aver- | Per- Aver- | Per- 
Dead Con petal age per |centage pote age per| centage 
inch jof check inch jof check 
; Pounds | Per cent| Per cent } \ 
Dry lime-sulphur A-_--_____- 15 53. 2 44.2 215 2. 69 21.0 627 7. 84 49.7 
: 27 69. 7 63. 8 157 1. 96 15. 4 425 5, 31 BRaS 
Dry lime-sulphur B--_______- 15 55. 9 47.4 206 2. 58 20. 2 487 6. 09 38. 6 
: 27 75.0 70. 2 151 1.89 14.8 249 3.11 19.7 
Dry lime-sulphur C-_-_-_______ 15 50. 7 41.2 242 3. 03 28}, 70 500 6. 25 39. 6 
26 70.1 64.3 136 1. 70 13.3 289 3. 61 22.9 
Rays Gallons 
Liquid lime-sulphur________- 6. 96. 4 95. 7 39 .4 3.8 92 1.15 7.3 
(eas es OTs Sy seis B05 ee (1) 652), |Z 1, 022 25/8): |E ee 1, 262 15518) Seee eee 
1 Untreated. 


When used on peach trees at the rate of 15 pounds to 50 gallons of 
water the average control obtained with the dry materials was 44.27 
per cent. When the strength was increased to 26 or 27 pounds the 
control rose to 66.10 per cent, but this does not compare very favor- 
ably with the 95.7 per cent control obtained with liquid lime-sulphur 
concentrate. The 15-pound applications showed an average of 42.6 
per cent and the 27-pound spray an average of 25.4 per cent as many 
young scales of the second generation as were found on the untreated 
check, which is 5.9 and 3.5 times as many as were present in the 
liquid lime-sulphur plat. 
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DISCUSSION OF FIELD EXPERIMENTS WITH DRY CALCIUM-SULPHURS 


The experiments already described show that when these dry 
lime-sulphurs were used at dilutions from 12.5 to 15 pounds to 50 
gallons of water the average control on hibernating scale was only 
29.16 per cent. When the strength was increased to 25 or 27 pounds 
the average control was increased to 54.68 per cent. In the same 
series of tests standard liquid lime-sulphur gave an average control of 
83.66 per cent. These figures show that the dry materials tested 
did not give a control against hibernating scale which approximated 
that obtained with liquid lime-sulphur, or one that could be considered 
of very much practical value. 

If the efficiency of these dry substitutes is measured by the number 
of young scales that settle on the new wood, the same lack of control 
isfound. On apple trees the weaker sprays showed an average of 2,409 
scales of the first generation on each 80 linear inches of new wood 
examined, or 30 scales to the inch. The stronger sprays gave an 
average of 1,263.6 scales per 80 inches, or 15.8 per inch. These 
treatments should be compared with liquid lime-sulphur which allowed 
an average of 1.4 scales per inch to settle. 

The counts of second-generation scales on peach showed an average 
of 8.19 scales per inch of new wood where the weaker sprays were 
used, 5.61 for the stronger sprays, and 1.3 for liquid lime-sulphur. 

These experiments cover a variety of conditions, since they were 
carried on in Indiana, Virginia, and Mississippi. In 1922 the orchards 
treated were incrusted and the scale was increasing very rapidly, 
whereas in 1923 orchards only moderately infested, in which the scale 
was not increasing very rapidly, were used. Although the dry lime- 
sulphurs, in all cases, show some effect on the scale, the apparent 
control was never great enough to justify their being used as reme- 
dies for the San Jose scale under general orchard conditions. 

S. A. Forbes has estimated (/1, p. 549) that the theoretical number 
of the progeny from one hibernating female San Jose scale might, 
under ileal or optimum conditions, in one season, reach the aston- 
ishing total of 32,791,472. If the actual increase under natural con- 
ditions is even as low as 1 per cent of the theoretical it is still very 
evident that a treatment which does not kill more than 50 per cent 
or 60 per cent of the hibernating scales, and allows from three to six 
scales to settle on each inch of the new wood, can not be considered 
satisfactory, since it would not prevent an immediate reinfestation 
and the resulting damage to the trees. 


EXPERIMENTS IN 1924 


The experiments conducted in 1924 were primarily for the purpose 
of determining the relative value of the ingredients found by chem- 
ical analysis to be present in the dry and liquid lime-sulphurs. 

Based on the analyses of more than 100 commercial lime-sulphur 
Polysulphidesulphur . 4.68 
Polysulphide calcium “7” 
indicating a predominating percentage of the higher sulphide, CaS,, 
whereas from the analyses of 38 samples of dry lime-sulphur the molecu- 
e) sdag , 
lar ratio Po beup nite sulphur is 3.53, indicating that the polysul- 

Polysulphide calcium” ~ J 
phides are mainly the lower sulphides, CaS, and CaS,. 
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solutions the average molecular ratio 
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From these observations it was thought that there might be a 
difference in the efficacy of the products on account of the fact that 
the polysulphide sulphur in the dry lime-sulphur was not in as high a 
ratio to the polysulphide calcium as the polysulphide sulphur to polysul- 
phide calcium in the lime-sulphur solution. 

With this in mind, solutions were prepared having the same 
molecular ratio of sulphur and lime as calcium trisulphide, calcium tetra- 
sulphide, and calcium pentasulphide. These solutions were diluted so 
that the total polysulphide content, when applied as a spray, was the 
same as the total polysulphide content of the lime-sulphur solution 
and dry lime-sulphur when applied as sprays. Calcium thiosulphate, 
calcium sulphite, and sulphur were also prepared and tested. 

The essential materials used and the results of these experiments 
are shown in Table 10. 


TasLEe 10.—EHffectiveness of the ingredients of dry and liquid lime-sulphur used 
in experiments against the San Jose scale 


Ex- 
ne Material used Dilution Dead | Control 
No. 
Per cent | Per cent 
1 avid: Ena (32 per cent calcium poly-| 6.66 gallons to 50 gallons___-_- 95. 95 94, 98 
sulphide). 
2 | Same, with 1.11 pounds of sugar to 50 gallons_|_____ Gosh ER Oi Eee 95. 90 94, 92 
3 | Same, with 10 pounds of sugar to 50 gallons_-__|____- (3 Yop Reyne em epee AP ae Nene oe 93. 00 91. 33 
Ay Meiguidsime-SwphureAys. «ens es uuen Equivalent to No. 11_._--_- 89. 75 87. 30 
5 | Same, with 1.11 pounds of sugar to 50 gallons_|____- (QR St Sane sak eee ee Sk, 88. 00 85.14 
Guy Dryglime-sulphurvA ss ee 50. 40 38. 58 
BIT N es dois ties a LE aC _ Sa 59. 0 35. 94 
28 | Same with all sludge removed__________-___-- 96. 0 93. 75 
9 | Calcium pentasulphide (CaSs) 3 93. 10 91. 46 
At OSes GOSS ET Aa PRL | 95. 20 94, 27 
11 | Calcium tetrasulphide (CaSs) 3. 89.5 87. 00 
GIR | a Gol ANIA 2 SY DG Pee 93. 5 92. 24 
13 | Calcium trisulphide (CaSg) 3__...______-____- d 43.4 29. 91 
14 Cal chumithiosml phates ee 1 ounce to 1 gallon___________ 13.4 0 
ey Eee Coe iss AOE TT Re PONT OE a Tea 24 ounces to 1 gallon________- 18. 45 0 
16) Calciumisulphijels se eae 14% ounce to 1 gallon__________ 19, 37 ald 
iA ee eee G2 Son Bg DEI INC s SEC AL Ee 12 ounces to 1 gallon__._____- 16. 55 0 
13) (Sui php 2s By on Ap BE ee Equivalent to No. 11____-_- 19. 45 25 
19 (Checksum treated = se ae i at Re aa age ewe beh es eS 195251 Set eeeee 


1 Based on polysulphide-sulphur content. 

2 Check, 36 per cent dead. 

3 Calcium polysulphides are so prepared that the molecular ratio of calcium tosulphur equals 1 to 5,1 to 
4, and 1 to 8, respectively. 

4 1923 experiments; check, 16.2 per cent dead. 


With the exception of Nos. 7, 8, 10, and 12, the experiments con- 
sidered in Table 10 were carried on in a moderately infested peach 
orchard in Opelika, Ala. A dormant application was made on 
January 28 and 29, using a wheelbarrow sprayer having a vertical 
agitator and maintaining a pressure of about 100’pounds. The 
counts of hibernating scales were made on March 7, 8, 9, and 10. 

Experiments 7 and 8 were made on small, badly infested peach 
trees near Vienna, Va. The sprays were applied with a knapsack 
sprayer on March 17 and the scale count was made on April 17. 

Experiments 10 and 12 were a part of the 1923 series on apple 
trees, the details of which are given on pages 11 and 12. 

Experiments 2, 3, and 5 mentioned in Table 10, which were made 
with liquid lime-sulphur and granulated sugar, indicate that the 
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addition of sugar, at the rate of 1.11 pounds and 10 pounds to,50 
gallons of spray solution, does not materially reduce the effectiveness 
against the San Jose scale. 

Experiments_6 and 7 show that dry lime-sulphur A, even when used 
at a strength (33 pounds to 50 gallons) which furnishes an amount 
of polysulphide sulphur equivalent to that found in standard liquid 
pau, can not be considered an effective remedy against this 
scale. 

Dry lme-sulphur A, at the rate of 33 pounds to 50 gallons of water, 
was used for experiments 7 and 8. 

After this material had been mixed a part of the solution was 
carefully filtered to remove the insoluble portions. One-half of this 
filtrate was used for experiment 8. Half of the insoluble sludge 
that had been removed was added to the remaining filtrate and this 
was used in experiment 7. 

The 93.75 per cent control obtained with the filtered material 
(experiment 8) compared with the 35.94 per cent control obtained 
with the part containing the sludge (experiment 7) indicates that the 
insoluble matter present, when this dry lime-sulphur was used at the 
rate of 33 pounds to 50 gallons of water, greatly reduced the effective- 
ness of the spray. 

This detrimental effect of the sludge also explains why, in the 
field experiments when the amount of dry lime-sulphur was doubled, 
there was not a corresponding increase in effectiveness. 

The experiments with the three polysulphides, prepared to represent 
calcium pentasulphide, tetrasulphide, and trisulphide, respectively, 
show that the pentasulphide and the tetrasulphide furnish asatisfactory 
control of the scale and the trisulphide is of very little practical value. 
The calcium thiosulphate, calcium sulphite, and free sulphur, at the 
strength used, were found to be of no value. 


DISCUSSION OF RESULTS 


The foregoing experiments show that the three dry lime-sulphurs 
tested were not staisfactory remedies against the San Jose scale, even 
when used in excessive quantities. 

A study of the chemical analyses of the dry and liquid lime-sulphurs 
shows the following differences: 

The dry lime-sulphurs contain sulphur and calcium in the proportions 
to form calcium trisulphide (CaS,) and calcium tetrasulphide (CaS,), 
they contain considerable amounts of calcium thiosulphate and free 
sulphur, and, at increased strengths, an objectionable quantity of in- 
soluble sludge. 

Liquid lime-sulphur contains polysulphide sulphur in such propor- 
tions as to form calcium tetrasulphide (CaS,) and calcium penta- 
sulphide (CaS,), with the latter predominating; very little calcium 
thiosulphate, no free sulphur, and no insoluble sludge. 

If Shafer’s theory (23) that the efficacy of a lime-sulphur solution 
against scale insects is due to an oxidizing action is correct, it naturally 
follows that the higher polysulphides (CaS, and CaS,) would be more 
effective than the lower (CaS,) since, per molecule, they would 
furnish a larger quantity of nascent sulphur to act as an oxidizing agent. 

The experiments given in Table 10 show that the calcium thio- 
sulphate and the free sulphur are of no practical value against scale. 
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Experiments 6 and 7 in Table 10 show that the presence of a consid- 
neers amount of insoluble sludge greatly reduces the effectiveness of 
these dry preparations. It is thus clearly evident that there are 
adequate chemical and physical reasons for the failure of these dry 
lime-sulphurs to control the San Jose scale. 


SUMMARY 


(1) The dry lime-sulphurs used were found to be of little practical 
value against the San exe scale. 

(2) The addition of sugar did not materially reduce the effective- 
ness of liquid lime-sulphur. 

(3) Calcium polysulphides corresponding to the pentasulphide and 
tetrasulphide were found to be effective and that corresponding to the 
trisulphide of very little value against the San Jose scale. 

(4) Calcium thiosulphate, calcium suiphite, and free sulphur were of 
no practical value. 

(5) The lack of effectiveness in the dry lime-sulphurs may have been 
caused by the following: 

(a) When the water is removed from liquid lime-sulphur to produce 
the dry calcium-sulphur, the calcium polysulphides are changed from 
the mixture of polysulphides 5 (CaS,) and 4 (CaS,) with the 5 pre- 
dominating, which is found in liquid lime-sulphur, to a mixture of 
polysulphides 4 (CaS,) and 3 (CaS,) in approximately equal proportions. 
This change would, according to the experiments given in Table 10, 
reduce the effectiveness of the dry calcium sulphurs since the higher 
polysulphides were found to be more effective than the lower ones. 

(6) The calcium thiosulphate, sulphite, and free sulphur present are 
not effective. 

(c) The presence of a considerable amount of insoluble sludge 
apparently reduces the effectiveness of these materials against the 
San Jose scale. 


DRY SODIUM-SULPHUR COMPOUNDS 


The dry sodium-sulphur compounds, which are also sold as sub- 
stitutes for lime-sulphur solution, are likewise of comparatively 
recent development. Patents 1! covering several methods for the 
manufacture of these preparations have been obtained. However, 
the method most generally employed consists in heating or fusing 
together sulphur and sodium carbonate (soda ash), or sulphur and - 
caustic soda. 

CHEMICAL COMPOSITION 


The results of the chemical analysis of 15 samples of sodium- 
sulphur compounds, obtained in the open market and including the 
principal brands, are given in Table 11. 


ll United States Nos. 1,044,452; 1,132,476; and 1,457,652. 
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TasBLe 11.—The chemical composition of representative dry sodium-sulphurs 


F H i Other aie te = Other 
Sodium | Sodium ree ingre- odium odium ree ingre- 
puuple polysul- | thiosul- | sul- dients sap polysul- | thisoul- | sul- | dients 
ea phide! | phate? | phur | by differ- O phide! | phate? | phur | by differ- 
ence 3 : ence 3 
Per cent | Per cent | Per cent| Per cent Per cent | Per cent |Per cent| Per cent 
i spa. seni 55. 11 41.93 0.13 2583)\||5 9 meemeene ree 41.13 50. 52 0. 67 7.68 
i 58. 21 39. 20 . 4 PAS) |p HO ash 40. 91 49. 43 .35 9. 31 
ted ee 72.00 7. 67 . 99 TOE SS ||| CWS eae 43. 55 29. 39 20. 03 7.03 
ee 60. 18 25. 87 1. 25 IPACAV a Pye ee 41.99 41.45 10. 33 6. 23 
eee aa 52. 83 40. 74 . 48 5395) || semen 61. 53 29. 35 . 34 8. 78 
Gees! 56. 84 36. 56 3. 38 eld || HAN 2: 12 60. 00 18. 94 18. 94 
ek 68. 30 10. 80 1.39 Ie enh al. se 10. 96 61. 60 17. 54 9. 90 
Sees cet 55. 13 40. 80 1. 56 2. 51 


! Polysulphide sulphur calculated to sodium polysulphide (NazSx). 
2 Thiosulphate sulphur calculated to sodium thiosulphate (Na2S203). 
3 Mainly water. 


It will be noted that these products are extremely variable in 
composition, the sodium polysulphide varying from 2.12 to 72 per 
cent, sodium thiosulphate from 7.67 to 61.6 per cent and free sulphur 
from 0.13 to 20 per cent. 

A comparison of the composition of the liquid lime-sulphurs and 
the sodium-sulphur compounds shows that the latter contain 
roughly about 114 times as much polysulphides; from 15 to 25 times 
as much thiosulphates; and, in addition, varying quantities of free 
sulphur, which does not occur in liquid lime-sulphur solution. 

he analysis of more than 100 commercial lime-sulphur solutions 
indicates the presence of a predominating percentage of the penta- 
sulphide (CaS,). In the case of the sodium-sulphur preparations they 
show such wide variations in composition that no general statement 
can be made in regard to the sodium polysulphide that may predomi- 
nate, although some of them apparently contain sulphur in the 
pentasulphide form. 

Table 12 gives the chemical composition of the dry sodium-sulphur 
preparations that were tested in experiments against the San Jose 
scale. These experiments were carried on under the same general 
conditions as those described for the dry calcium-sulphur tests which 
have already been discussed. For the details of these tests refer- 
ence should be made to the dry calcium-sulphur experiments under 
the corresponding locality and date. 


TABLE 12.—The chemical composition of the dry sodium sulphur preparations tested 


Percentage of— 
- i oun ds 
ounds | of poly= 
Sample No. Sodium Sodium Insoluble nee 50 ee 
poly- | thio. Free | Sodium | residue FA OST ie. REO. 
sul- Iphate | SWiphur | sulphate} and | SPray a 

phides | SWPHate svater gallons 
Ld ee eee ae 59. 71 25. 79 2. 54 8.72 8. 24 | 12.5 7. 46 
SES ee ee eee 59. 71 25. 79 | 2. 54 8. 72 8, 24 19. 11.34 
Lo a a Ae eee eee 59. 71 25. 79 | 2. 54 3.72 8. 24 25 14, 92 
ir ee Se) 525.8585 92-434 61. 26 23. 95 6. 54 6. 09 2. 16 12.5 7.65 
1 a aia eee 61. 26 6. 54 6. 09 2.16 19 11. 63 
<3 USSD SSI EESI ER. SSBB Oe yO Ss 61. 26 6, 54 6. 09 2.16 25 16. 81 
(ERO DS SORES) Tare 60. 53 3. 07 9. 21 4. 43 12.5 7.56 
yen ip Ee el Bele el ne fag 60. 53 3.07 9, 21 4, 43 27 16, 84 
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EXPERIMENTS IN 1921 


In these tests dry sodium-sulphur No. 1 was used against the San 
Jose scale on apple trees at Washington, Ind. The results of these 
tests are shown in Table 13. ! 


TaBLE 13.—Results of tests with dry sodium-sulphur sprays against the San Jose 
scale on apple trees at Washington, Ind., in 1921 


Amount | Hibernating scale 


Material used 
spray Dead Control 


Pounds | Per cent | Per cent 
12.5 79.0 27.6 


Gon ea NS ae ahi (ai nab at Katee 19 83.8 44.1 

BD Yas Se EP Op Ce The AS eee Cee el ea aT 25 84. 4 46.2 
Gallons 

DAKO ECOL ViroaVssqcyoU oD oy be eee Ne II ee NS 1 Ar ae 6. 66 88. 4 60. 0 

@heck hese Ags wee a REED A PL SOT AN AIRE SRE EN EE PEERS | TALON. oS 


1 Baumé 33.4°. 


The tests recorded in Table 13 show clearly that, even when a large 
percentage of the scales die from natural causes, dry sodium sulphur 
does not serve as an effective remedy. They also show that when 
the conditions are such that the standard liquid hme-sulphur treat- 
ment falls below what can be considered an effective control this 
preparation is even less effective. Although increasing the dosage 
increased the efficiency of the dry sodium-sulphur, in no case was an 
effective control obtained. 


EXPERIMENTS IN 1922 13 


Dry sodium-sulphur No. 2 was tested against the San Jose scale on 
apple at Bicknell, Ind., and on peach at Canton, Miss. ‘The results 
of these tests are given in Tables 14 and 15. 


TABLE 14.—Results of tests with dry sodium-sulphur sprays against the San Jose 
scale on apple trees at Bicknell, Ind., in 1922 


Infestation of young scale on 


Hibernating scale 80 linear inches of new 
Quantity wood 
i in 50 ra 
Material used gallons 
of spray Percent- 


Number | Average 
Dead Control of scales | per inch Boe 


Pounds | Per cent | Per cent 


Sodium-sulphur No. 2.......-.------------ 12.5 63. 4 18.7 4, 086 51.1 46.0 
iD) OS HOU CR Audie ein pee AG Bd dy rh fe 19 78% 2 41.6 2, 528 31.6 28. 5 
IDO. hthONGe aa Ree oe aE 25 85. 4 67.6 1, 140 14.3 12.8 
Gallons : 
Liquid lime-sulphur !_.__-__.-..2222----_- 6. 66 97.6 94.7 175 2.19 2.0 
Check Seite su Pion Es hab alae Ben Gi Hac aA 8,873 |; L10;O1 |e 
1 Baumé 32.6°. 


Table 14 gives the results of tests in an orchard where the scale was 
increasing very rapidly. Under these adverse conditions liquid lime- 
sulphur gave a very good control but the dry sodium-sulphur spray 


13 For details of these tests see p. 7-8. 18 For details of these tests see pages 8-11. 
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even at the rate of 25 pounds to 50 gallons could not be considered 
satisfactory. The ene spray not only failed to give a good con- 
trol of hibernating scale, but allowed almost half as many young 
scales to settle on the new wood as were counted on the untreated 
trees. 


Tasie 15.—Resulis of tests with dry sodium-sulphur sprays against the San Jose 
scale on peach trees at Canton, Miss., in 1922 


Infestation of young scale on 80 linear inches of 


S new wood 
Hibernating 
Quan- scale 
tity in First generation Second generation 
Material used 50 gal- 
lons of ° 
spray Warn Aver- | Per- iNaraae Aver- | Per- 
Dead Con- Thar Git age cent- enor age cent- 
trol ponies per age of | eae per age of 
inch | check inch | check 
| 
Pounds) Per cent| Per cent 
Sodium-sulphur No. 2_------ 12.5 34.4 17.8 362 4, 53 24.5 783 9.79 36. 9 
IDS ee ee ee 19 48.9 36. 0 278 3. 48 18.7 540 6. 75 25. 5 
ID Do. ee ee ee 25 58. 8 48.4 178 2523 12.0 419 5. 24 19.8 
Gals. 
Liquid lime-sulphur !_______- 6. 66 77.6 71.9 37 . 46 2.5 117 1. 46 On 
CPG se = 2 = Le SE Be SERRE ey (pero et 20320 See 1, 483 18s 5 ieee 2; 12i 2GHHNG Hees 
: | 


1 Baumé 33.4°. 


In the experiments reported in Table 15 the dry sodium-sulphur 
failed to show a control that could be considered satisfactory, even 
when used at the rate of 25 pounds to 50 gallons of water. Altnough 
the liquid lime-sulphur was not satisfactorily effective, it gave much 
better control than did the dry substitute. 


EXPERIMENTS IN 1923 14 


The tests with dry sodium-sulphur No. 3 were made at Stuart, Va., 
and Canton, Miss. The results of these experiments are given in 
Tables 16 and 17. 


Tas_eE 16.—Results of tests with dry sodiwm-sulphur sprays against the San Jose 
scale on apple trees at Stuart, Va., in 1923 


Infestation of young scale 


Hibernating scale on 80 linear inches of new 
Quantity wood 
g in 50 
Material used gallons mn 
of spray Numb ercent- 
Dead | Contro1 | Number | Average | “aoe of 
of scales | per inch check 
Pounds | Per cent | Per cent 
Sodium-sulphur No. 3.....-.-...-.-------- 12.5 55. 6 42.6 216 PBT 26. 9 
Ofte eet 2 Fe Oe 27 72.8 64.8 145 1. 81 18. 0 
Gallons 
Liquid lime-sulphur 1........-.........--- 6. 66 97.0 96. 1 39 «49 4.9 
CRE ee ae na, chk suse tne adleweeorawan PYAR ful bel ae a ee 804 LO 061 Saree enn 2 


i Béuriié 31.8, £64; 
The Apermente reported in Table 16 indicate the same lack of 
control that has been noted in the earlier tests. Although the 


4 For details of these experiments see p. 11-12, 
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greater strength was more effective this increase was not in the same 
ratio as the increase in dosage. 

The infestation in this orchard was not very heavy but even under 
these favorable conditions the 12.5-pound dosage allowed over 5.5 
times as many young scales to settle on the new wood as did the 
liquid lime-sulphur. 


TasBLe 17.—Results of tests with dry sodium-sulphur sprays against the San Jose 
scale on peach trees at Canton, Miss., in 1928 


Infestation of young scale on 80 linear 
inches of new wood 


Hibernating 
Quan- scale 
; tity First generation Second generation 
Material used in 50 
gallons 
of spray Num- | Aver- | Per- | Num- | Aver- | Per- 
ber age centage] ber age centage 
Dead |Control of per f Of per f 


(0) (0) 
scales | inch | check | scales | inch | check 


Pounds| Per cent | Per cent 


Sodium-sulphur No. 3-__-__- 12.5 53. 0 43.9 353 4.41 34. 5 525 6. 56 41.6 
1D) Yo) eahs Aes eh) Se Nee 26. 625 71.0 65. 4 247 3. 09 24, 2 365 4. 56 28. 9 
Gallons 
Liquid lime-sulphur !_______- 6. 66 96. 4 95. 7 39 . 49 3.8 92 1.15 7.3. 
(OU aYeYo) cis s aula ipa aha en Ne a emia ses G22 Bil eas 1, 022 2S | eee 1, 262 Wis 7s} {oak oes 8 
1 Baumé 31.8°. 


The experiments discussed in Table 17 were carried on during 
a season when the scale was not increasing so rapidly as in 1922, 
and all of the treatments gave better control than in the previous 
season, but the relative efficiency is much the same. 

It is of interest to note that in the first experiment, in spite of the 
43.9 per cent control, the second count of young scales showed 41.6 
per cent, as many as were found on the untreated checks. 


DISCUSSION OF RESULTS 


When used at the strength ordinarily employed (12.5 pounds 
to 50 gallons) the average control on hibernating scales was 30 per 
cent. When this dosage was increased to 25 to 27 pounds the control 
only rose to 58.3 per cent. In the same set of experiments liquid 
lime-sulphur gave an average control of 83.6 per cent. 

These figures are supported by the counts of first and second 
generations of young scales on the new wood, since in every case 
many more were found in the sodium-sulphur plats than where liquid 
lime-sulphur was used. 

SUMMARY 


The experiments with the dry sodium-sulphur sprays show, on the 
whole, results that are very similar to those obtained with the dry 
calcium-sulphurs. In no case were they as effective as liquid lime- 
sulphur, even when used at greatly increased strengths, and it can not 
be considered that they furnished a satisfactory control of the San 
Jose scale. 

These experiments covered a period of three years, and were carried 
on in three different States under widely varying conditions. 
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DRY BARIUM-SULPHUR COMPOUNDS 


The dry barium-sulphur compounds, which are sold as substitutes 
for lime-sulphur solution, are of comparatively recent origin. Several 
methods for their preparation have been developed, and patents % 
granted covering some of these processes, but all, or practically all, 
of those produced at the present time consist simply of a mixture 
of ‘‘black ash” (a crude barium-sulphide, BaS, made by heating 
barium sulphate with coal in a furnace) and sulphur. 


CHEMICAL COMPOSITION 


Commercial dry barium-sulphur contains—in addition to barium 
sulphide and sulphur—chemically combined water, some barium sul- 
phate, siliceous material, carbon, and small quantities of other impuri- 
ties. These impurities are objectionable in that they decrease the 
percentage of active ingredients, impede their action, tend to clog the 
nozzle of the spraying apparatus, and the graphitelike residue 
from the coal is very destructive, on account of its abrasive action, 
to the spray pumps and nozzles. 

The results of analyses of nine samples of commercial dry barium- 
sulphurs purchased in various parts of the United States are given 
in Table 18. 


TaBLE 18.—Chemical composition of representative dry barium-sulphurs 


i Barium- | Other in- 

Barium” | Free | thiosul- | gredients, 

(Bas) sulphur} phate | by differ- 
(BaS203)| ence! 


Baran Barium-| Other 
Sample Sulphide Free | thiosul- | ingredi- Sample 
No. (Bas) sulphur} phate ents, by No. 
(BaS203) |difference ! 


Per cent |Per cent; Per cent | Per cent Per cent | Per cent} Per cent | Per cent 
ee ee 34.81 | 38.64 3. 46 235 09'| | KGa aeeee 38.00 | 34.01 3. 97 24. 02 
7) 32.84 | 36.24 4.32 26. 60M enone 39.76 | 34.88 2.96 22. 40 
ii. a 35.30 | 32.03 4. 55 28212): \i Goan ae 39.41 | 33.66 1528))| 25. 65 
hes St. 46.66 | 37.11 1.98 14:25) || }GSaeee ee 38.10 | 34.60 4, 09 23. 21 
if (| See 41.22 |} 31.05 7.47 20. 26 || Gen. av___. 38.46 | 34.69 3. 79 23, 07 


1 Chiefly barium sulphate, siliceous material, carbon, and moisture. 


The dry barium-sulphurs, when diluted according to directions (12 
to 14 pounds to 50 gallons of water), leave an insoluble residue 
which on filtering and drying at 105° C. amounts to about 34 per 
cent of the product. The soluble portion has a specific gravity of 
about 1.014 and contains approximately 2 per cent of barium-poly- 
sulphide in solution. The ratio of sulphur to barium indicates that 
the polysulphide is largely the tetrasulphide (BaS,). This will furnish 
approximately 8.5 pounds of barium-polysulphide in each 50 gallons of 
spray material. 

Commercial liquid lime-sulphur (32° B.) at a dilution of 6.66 gallons 
to 50 gallons of water (1 to 7.5), which was the strength used in the 
tests here reported, will furnish approximately 22.8 pounds of cal- 
cium-polysulphides in each 50 gallons of spray material. 

The experiments with dry barium-sulphur were a part of the series 
of tests with the various dry substitutes for liquid lime-sulphur. 
These tests were made under the same general conditions as those 
already described. 


1* United States Nos, 1,263,856 and 1,457,652, 
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Table 19 gives the chemical composition of the essential materials 
in the dry barium-sulphur sprays used against the San Jose scale. 


TaBLe 19.—The chemical composition of the dry barium-sulphur preparations tested. 


Percentage of— 
Pounds ponds 
| Barium-| PS¢ onen 
Sample No. sree in 50 phides 
Barium- | pens Free sitpliate gallons | in 50 
sulphide | phate sulphur Slicers of spray | gallons 
| material 
AA SALE EOE EL Soe AE ele a en eee 41, 22 7.47 31. 05 118, 32 13 5. 35 
Pe SEE Be ha EAA a SP ee OSE 41,22 7.47 31. 05 118. 32 19.5 8. 03- 
Drees Re Si ie oN Jo A al wh he el ee BE 41, 22 7.47 31. 05 118. 32 26 10, 71 
Sissi ae Foe oy rel are ea cs ey te Oe ut 38. 00 3. 97 34. 01 24. 43 13 4,94 
PaaS oO TEES Ba N Eby Bry 0g SS ey Ns 2 ae 38. 00 3. 97 34. O1 24, 43 19.5 7.41 
DIR Benin, Se pat a arate nS Sener S Zoe Oe 38. 00 | 3. 97 34. 01 | 24. 43 26 9. 88 
EE. Ree ered oe ee ER A 39. 41 | 1. 28 33. 66 25. 14 14 5. 51 
ee E ee EP ke 8 eile ek 39. 41 1. 28 33. 66 25. 14 31 12; 21 
i 


11.94 per cent undetermined. 


EXPERIMENTS IN 192116 


Dry barium-sulphur No. 1 was tested against the San Jose scale 
on apple trees at Washington, Ind. The results of these tests are 
shown in Table 20. 


TasBLe 20.—Results of tests with dry barium-sulphur sprays against the San Jose 
scale on apple trees at Washington, Ind., in 1921 


Quantity| Hibernating scale 
in 50 
gallons 
of spray Dead Control 


Material used 


Pounds | Per cent | Per cent 
Barivim-sulphur NOs Basen so hp Rae 2 see ea Oe ae eR 13 75. 2 14.5 


Debi eee RCT PGRN ON I's, MMAR ILes < shoe 19.5 80. 0 31.0 
AD) Qe ee I OE en Eek en ee 26 91.6 71.0 
é Gallons 
Liquid#linie-sulp hur ees fe oe ht NR ee ans 6. 66 88. 4 60. 0 
CCK ER REM ang Pee MAY Tee AN Pa ee yh rE Oe ew TAL OF Ree eee 
1 Baumé 33.4°, 


The above experiments show that at the rate of 13 or 19.5 pounds 
to 50 gallons of water this material did not furnish a satisfactory 
control of the scale. When 26 pounds was used, it apparently gave 
much better results than the liquid lime-sulphur, but, since such effec- 
tiveness was not shown in any of the later experiments, it seems 
probable that some other factor influenced these results. 


EXPERIMENTS IN 1922 17 


Dry barium-sulphur No. 2 was tested against the San Jose scale on 
apple at Bicknell, Ind., and on peach at Canton, Miss. The results of 
these tests are shown in Tables 21 and 22. 


16 For general conditions in these experiments see pp. 7-8. 
17 For details of these experiments see pp. 8-11. 
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TABLE 21.—Results of tests with dry barium-sulphur sprays against the San Jose 
scale on apple trees at Bicknell, Ind., in 1922 


Infestation of young scale on 
Hibernating scale 80 linear inches of new wood 
‘ Quantity (first generation) 
‘ in 50 
Material used gallons fs 
of spray iNpaeeal Awan ercent- 
Dead Control ae BE |) SOE I rs it 
of scales | per inch heck 
Pounds | Per cent | Per cent 
Eee SPE GN On oes. cos ee 13 72.1 38. 0 3, 796 47. 45 42.8 
DOL. 5 EE ES es i ee 19.5 81.9 59. 8 2, 296 28. 70 25.9 
TD. 22s .S Se Re er et oe 26 86.9 70. 8 1, 181 14. 76 13.3 
Gallons 
Piquidehme-sulphur !____. 2... 2-5-5. 6. 66 97. 6 94, 7 175 2.19 2.0 
SCTE. ee eae ee es epee eer ee | a a tra (ig fee rea ee 8, 873 TOR GIM|Se ote eee 


1 Baumé 32.6°. 


The results given in Table 21 show that dry barium-sulphur, even 
when used at the rate of 26 pounds to 50 gallons of water, did not 
furnish a control of hibernating scale that could be considered effec- 
tive, or one that approached the effectiveness of the liquid lime- 
sulphur. If the value of the treatment is measured by the number 
of young scales that settle on the new wood the same lack of control 
is shown since 13 pounds to 50 gallons allowed almost half as many 
young scales per inch as settled on the untreated check and over 21 
times as many as were found in the liquid lime-sulphur plat. 

Even the maximum strength showed over six times as many young 
scales as were present on the twigs sprayed with standard liquid lime- 
sulphur. 


TaBLe 22.—Results of tesis with dry barium-sulphur sprays against the San Jose 
scale on peach trees at Canton, Miss., in 1922 


Infestation of young scale on 80 linear inches of 


n od 
Hibernating eae 
Quan- scale 
tity in é i 5 
Material tisad 50 gal- First generation Second generation 
16950) ——————— 
spray 


| Con- | Num-| Aver- | Per- | Num- | Aver- | Per- 
Dead rol ber of | age per|centage} ber of | age per| centage 
| scales | inch jof check} scales | inch |of check 


| 
Lbs. |Per cent Per cent 
42, 4 2 


Barium-sulphur No. 2_------ 13.5 7.8 343 4.29 | 23.1 573 7.16 27.0 
Gals. | 

Liquid lime-sulphur !_____.-. 6. 66 CN re) 37 +46 2. 42 117 1, 46 5.5 

COTO i ot SEs ye ee el 20. 2 | yb a eee 1.480) 18.50" 1-22-22. PP MAL Maar deb api aS 


1 Baumé 32.6°. 


Only one strength of the dry barium-sulphur spray was used in 
these experiments, and this failed to show an effective control when 
either the hibernating scale or the young scale on new wood is con- 
sidered. -Although the liquid lime-sulphur gave rather poor control, 
it was relatively much better than the dry material. 
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EXPERIMENTS IN 1923 18 


The tests with dry barium-sulphur No. 3 were made at Stuart, Va., 
and Canton, Miss. The results of these experiments are shown in 
Tables 23 and 24. 


TaBLe 23.—Results of tests with dry barium-sulphur sprays against the San Jose 
scale on apple trees at Stuart, Va., n 1923 


Infestation of young scale on 


Hibernating scale 80 linear inches of new 
Quantity wood (first generation) 
. in 50 | 
Material used Pallors | 
of spray Percent- 


Number | Average 
Dead Control E age of 
of scales | per inch leds 


Pounds | Per cent | Per cent 
54.9 


Barium SuULpOUrsN Os saa 14 41.7 233 2.91 28.9 

WO Seren eee Soe ee Se 31 79. 6 73.6 148 1.85 18.4 
Gallons 

Miquidshme-salp hurls eee 6. 66 97.0 96.1 51 . 64 6.3 

Check#ert. =_ se pes Ss ese eit ps5 Fl oe 8 PPR (i eee a ee eee 804 1ONO5: |= a eee 


1 Baumé 31.8°. 


The tests reported in Table 23, although made where the scale 
was not very abundant, show the same lack of control, in spite of 
the fact that, in one case, the barium-sulphur was used at the rate of 
31 pounds to 50 gallons. Even this strength showed 22.5 per cent 
less control on the hibernating scale and almost three times as many 
young scales per inch when compared with the trees sprayed with 
liquid lime-sulphur. 


TABLE 24.—Results of tests with dry barium-sulphur sprays against the San Jose scale 
on peach trees at Canton, Miss., in 1923 


Infestation of young scale on 80 linear inches of 


| { new wood 
| Hibernating 
Quan- | scale 
tity in | First generation Second generation 
Material used 50 gal- | 
lons of | | 
spray Per- Per- 
| Num- | Aver- | Num- | Aver- 
| Dead Con- | her of |age per| CeBY BoES 


ber of | age per 
z | age of S | age of 
seales | inch Glock scales | inch | precie 


Pounds | Per cent| Per cent 
14 56. 7 48.3 


Balun spbur INON3==2ee= 298 3. 73 29. 2 468 5. 85 37.1 


Os PE 9 bie SaaeM 31 7141 6519 Teel SeRaUS be = Fey 231 2.89 18.3 
Gallons | 

Liquid lime-sulphur1____-__- 6.66| 964] 95.7 39 .49|. 3.8 92 1.15 Tes 

Check: 2405 isa) aes = Sa {* 2 sevon Aes 1/022| 12:78 ]2 222 1/260"|' T5e 7H seen 


1 Baumé 31.8°. 


The experiments in Canton, Miss., show the same lack of control 
by barium-sulphur that was noted in previous tests. A strength of 
31 pounds to 50 gallons gave a control of only 65.9 per cent on the 
hibernating scales and allowed 4.5 times as many scales to settle on 
the new wood as did the standard liquid lime-sulphur. : 


18 Details of these experiments are given on pages 11 and 12, 


DRY SUBSTITUTES FOR LIQUID LIME-SULPHUR 25 


DISCUSSION OF RESULTS 


When used at the rate of 13 or 14 pounds to 50 gallons the dry 
barium-sulphur gave an average of only 34 per cent control of hibernat- 
ing scale. When the strength was increased to 26 or even 31 pounds 
the effectiveness did not approach that obtained with standard 
liquid lime-sulphur. The same lack of control is shown by the counts 
of the first-generation scales on the new wood. - 


SUMMARY 


The dry barium-sulphurs tested failed to show a satisfactory control 
of the San Jose scale at any of the strengths used. In a general way 
this material was about as effective as the other dry substitutes that 
were tested. 


GENERAL SUMMARY 


The experiments here considered include 39 tests with dry cal- 
cium-sulphur, 13 tests with dry sodium-sulphur, and 11 tests with 
dry barium-sulphur. They were conducted under practical orchard 
conditions in four different Statesand cover a period of three years. 
Both apple and peach trees were used and conditions varied from a 
moderate infestation to incrustation. Conditions in the different 
orchards were such that the natural increase of the scale varied 
from very rapid to moderate. 

Under the conditions mentioned the results obtained are sufficient 
to warrant the drawing of a general conclusion, at least for the 
localities in which these experiments were made. 

The foregoing tests show that the commercial samples of dry 
calcium, sodium, and barium sulphurs, even when used at strengths 
much greater than ordinarily employed, do not furnish a satisfactory 
control of the San Jose scale. 
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TRANSMITTING ABILITY OF TWENTY-THREE HOLSTEIN-FRIESIAN SIRES 


By R. R. Graves, Specialist in Dairy Catile Breeding, Bureau of Dairying 
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BREEDING STUDIES ON DAIRY CATTLE 


Dairy-cattle breeding experiments were initiated by the Bureau of 
Dairying in 1918 with the object of determining what method of 
mating would give the most uniformly good results in the transmis- 
sion of large milk and butterfat producing ability. These experi- 
ments included the comparison of line breeding with outbreeding, 
also of close inbreeding with outbreeding. Another project was the 
use, for generation after generation, of sires which have shown by the 
producing ability of their daughters that they are prepotent in trans- 
mitting the capacity for uniformly high milk and butterfat produc- 
tion. In addition to these experiments, studies are being made of 
the inheritance, for milk and butterfat production, of the animals in 
the advanced registry and register of merit of the dairy breeds. 

The last-mentioned research has included a genealogical study to 
determine what families are most likely to transmit large milk and 
butterfat production (1).1_ Such studies, however, give very little 
information on the laws governing the transmission of milk and 
butterfat producing ability. In the following pages a study is made 
of the comparative milk and butterfat producing ability of the 
daughters, compared with their dams, of each Holstein-Friesian sire 
having six or more daughters with yearly records, all out of dams also 
having yearly records. ‘This includes all sires on record up to and 
including volume 29 of the Advanced Register Yearbook.? 


Figures in italics in parentheses refer to ‘‘ Literature Cited,” p. 32. : 
4The writer desires to give credit to T. W. Gullickson, formerly with this bureau, for compilations in 
connection with the studies presented in this bulletin, 
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SCOPE OF THE STUDY 


The following questions are discussed in this bulletin in connection 
with the comparative records of daughters and their dams, which are 
given in Tables 2 to 25, inclusive. 

1. What is the method of inheritance of production of milk and 
butterfat in dairy cattle? Is it through the eas determining pro- 
duction, contributed by each parent? Is it a blending inheritance— 
are the records of the daughters of a sire an average between his 
inherent transmitting ability and that of the dam of the daughter? 

2. Can a sire be prepotent or dominant in impressing his charac- 
teristics, or his standard of production, on his dan hters regardless 
of the standard of production of the dams of those daughters? 

3. Can a sire be prepotent in influencing both the milk yield and 
the percentage of butterfat? 

4, What influence has the dam’s producing ability and the method 
of breeding on the prepotency of the sire? 

5. Which parent has the greater influence on the yield of milk? 
Which has the greater influence on the percentage of butterfat in the - 
milk? Is this percentage of butterfat correlated with or independent 
of the milk yield? 

6. Which is the greater sire—ene that sires daughters capable of 
making much larger records than their medium-producing dams, or 
one that sires daughters capable of slightly larger, or, at least, as large 
records as their high-record dams? 


HOW THE SIRES WERE SELECTED 


In the list of 126 Holstein-Friesian sires given in another study (1) 
just 20 sires had 6 or more yearly record daughters whose dams _ also 
ad yearly records. There were only three other sires in the breed, 
outside the above-mentioned list, up to Volume 29 of the Advanced 
Register Yearbook, that came within the category mentioned. The 
records of the daughters of these 23 sires, compared with their dams’ 
records, provide the best material available in the Holstein-Friesian 
breed for the study of the transmitting ability of the sire. In choos- 
ing these sires for study the minimum number of six daughters was 
decided upon because it was felt that this number was the smallest 
which could be used in drawing conclusions relative to the correlation 
between the production of the daughters of any one sire and the pro- 
duction of their dams. 

In checking over the records of the daughters of these 23 sires it 
was found that 1 of the 6 daughters of 1 sire had a record of 568.3 
pounds of butterfat in 305 days, while her dam’s record was 350.8 
pounds of butterfat made in 207 days. These records did not offer 
a fair comparison and were not included. Consequently, one of the 
sires appearing in the records has only five daughters with yearly 
record dams. ‘Three of the 23 yearly record daughters of another 
sire were taken out for the same reason. 

To facilitate the study of the comparative records of the daughters 
and their dams, the milk as well as the butterfat was computed. to 
maturity, when the records were made under 5 years of age. ‘Table 
1 gives the percentages and ages used in calculating records to 
maturity. 
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TABLE 1.—Ages and per cent used in calculating production records to maturity 


ebure Matare 
recor recor 
Age, calculated to nearest whole month equiva- Age, calculated to nearest whole month equivas 
lent lent 

Per cent} Per cent! 
mang under 214 years... =... 2 3-55-22. 70.0 || 334 and under 4 years_________-_________ 87.5 
214 and under 24 years______.-_-_------ (205 \avanidmander 41 40years: 22222 90. 0 
2% and under 234 yearS____-__-___----_--- 75.0 || 444 and under 41% years__-.---_----.___- 92. 5 
234 and under 3 years__-.___-____------- 77.5 || 444 and under 434 years_2=.-.-.-----.--- 95. 0 
3 and under 34 years__-___..-_____--__- 80.0 || 484 and under 5 years__-___...___--_____ 97.5 
314 and under 34 years____________-___- 82:5 || Nopyeansiam di Oviereeas=s=s sass e aes ee 100. 0 
34% and under 334 yearS__-__------------ 85.0 


1 The percentages used for calculating records to maturity correspond very closely to the percentage 
differences of the average production in the various classes for the Holstein-Friesian breed. Aside from 
the corrrection for differences in age, other factors that might cause variation between the records of the 
daughters oud their dams, such as number of times milked per day, were not considered, as the information 
is not available. 


PRODUCTION RECORDS OF DAUGHTERS AND THEIR DAMS 


Table 2 shows detailed production records of the daughters of these 
23 sires, together with the production of their dams; the dam’s record 
in every case is given on the same line as that of her daughter. 
Averages are stated also, to facilitate comparison. Other figures show 
the average quantity of milk, percentage of butterfat, and pounds 
of butterfat by which the daughters exceed their dams or are exceeded 
by theirdams. Plus and minus signs indicate excess or deficiency of 
the average daughter’s performance compared with the average dam’s 
performance. 

The object of the investigation was to study the hereditary trans- 
mission of production, not to point out the good or the poor sires of the 
breed; hence the sires in these lists have been designated by letter 
and not by name. The records are arranged in the order of the 
daughters’ butterfat records, beginning with the highest record. 


TABLE 2.—Production records of daughters and their dams 


SIRE A 
Daughters Dams 
Milk Butterfat Milk Butterfat 
Pounds | Per cent | Pounds | Pounds | Per cent | Pounds 
oon. BS a ee eee 2, 757. 0 3. 43 779.7 | 10, 928.3 3. 30 361. 4 
Cf anion ee A ee ae 22, 515. 2 3, 21 723.1 | 18, 290. 1 3. 03 554. 7 
(ne ete SLL SE Se 21, 260. 8 3. 20 678.6 | 18, 285.0 3. 40 451.8 
Ci prea ee es ee 16, 266. 0 3. 47 564.7 | 17, 287.3 3. 32 575.0 
Sen cine! arc a A a el 15, 079. 7 3. 60 543.4 | 12, 533.4 3. 12 391.8 
AAC Hee Oe os es 19, 575. 7 3. 36 657.9 | 14, 464.8 3. 23 466. 9 
Increase (++) of daughters over dams-_----- +5, 110.9 +0. 13 te ORO iw cern ce reap eee [eng ee 
Mere NCTCASG: - oa. 228 325 +-35, 3 +4. 02 A eeE OHA) os nee Neda 2 | lah al ola OS 


Four daughters exceeded dams in milk. 
Four daughters exceeded dams in butterfat. 
Four daughters exceeded dams in percentage of butterfat. 
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TaBLE 2.—Production records of daughters and their dams—Continued 


Seven daughters exceeded dams in milk. 
Eight daughters exceeded dams in butterfat. 
Four daughters exceeded dams in percentage of butterfat. 


SIRE B 
Daughters Dams 
Milk Butterfat Milk Butterfat 
Pounds | Per cent | Pounds | Pounds | Per cent | Pounds 
nh, a es eo NOLES Sa Ee eee > Ney ai zta es 28, 575. 5 3.39 970.5 | 14, 562. 4 3. 44 501.6 
DONS eae Sage Ui BIS OPO RIC EU ens Ware ah f 23, 924. 4 3. 81 912.1 | 20, 202.9 3. 33 674. 6 
Ea el a aR a Set NS oak ea 22, 674. 8 3. 74 848.8 | 17, 066.8 3. 57 610.1 
QRS 2 SAU MEU Vik A RISEN PSD RUNS rea eae etna CBee 22, 235. 3 3. 69 821.2 | 14, 454.0 3.19 462. 1 
Pic RRSP A SS ge ES ES 23, 840. 9 ah Bx 804.5 | 16, 508.6 3. 39 560. 8 
GEOR Dees illiaien Bisley gma NS LUBY 22, 817.1 3. 43 784. 2 | 17, 046. 4 3. 08 526.3 
Sa PERS = UPS OE RAINS LUI aOR ANE IB OLAS I REE RY 21, 539. 7 3. 45 745.0 | 20, 105.1 3. 36 676. 1 
Gish eee ore 2 Spa Ne Se hae 23, 265. 9 3.17 738.6 | 14, 245.7 3.14 448. 5 
pees eee ae a ee ee ase ea 2 20, 622. 8 3. 52 727.5 | 20, 202.9 3. 33 674. 6 
GUC a a eh Oe A a Ne pose be AE nar ee ASO 18, 520. 6 3. 71 688.3 | 18, 125.0 3. 66 663. 7 
I ESR Se is SS eae eh = EE Sc 18, 724.7 3. 33 628.7 | 15, 655. 1 3.35 525.9 
A a es bes OO Se a ei (oon ee a EN 13, 959. 4 3. 71 517.9 | 17, 597.7 3. 73 658. 0 
TUBS a oS he oe en ea ee ace aoe 15, 857. 8 3. 19 506. 1 | 17, 027.3 3. 39 577.4 
Average.of 135.2228. Rie) ee Eek 21, 273. 8 3. 50 745.3 | 17, 188.5 3. 39 581. 5 
Increase (+) of daughters over dams__-_-_-__ +4, 135. 3 SOP | 416398) [222 2 | ee 
Rericent: imcreaseve: 2. ee ee +24.1 +3. 24 528.2) 262202225 se a ae 
Eleven daughters exceeded dams in milk. 
Eleven daughters exceeded dams in butterfat. 
Eight daughters exceeded dams in percentage of butterfat. 
* SIRE C 
Ase Rs CE ASR oe SS BY 26, 497.6 3. 46 917.4 | 21,309.5 3. 42 730. 7 
Oe MRE ge si Guy saat een vey say ae vee 22, 492. 2 5. 97 893.4 | 17, 577.1 3. 26 574.5 
Ese AR Sk SAE a FS A ae a 25, 059. 6 3. 42 891.6 | 23,714. 2 3. 76 892. 7 
(a = Biron eee Cie ee ace ete ENCE 20, 147.3 4. 28 862.7 | 10, 755.1 3. 76 404. 5 
Re ee re ee a eo Sec eee ee ie 24, 055. 5 3. 43 825.8 | 18, 068. 2 3. 51 635. 6 
eee eee ane es Beeeeee Oe cee ee ee Ee ee) 25, 626. 1 3. 32 784.5 | 19, 410. 7 3. 26 633. 1 
ENE Beas EY Np ae RO 2 RO eee Me Re cen 23, 238. 1 3.35 779.9 | 17, 958.6 3. 37 605. 5 
bef AIR Da Ce) 2 e g  Soe a 21, 928. 2 3. 54 777.6 | 20, 255. 9 3. 62 735. 2 
(OVERS Fas SCR a ODDS New ee aree NES oe ee 21, 650. 7 3. 58 775. 7 | 20, 255. 9 3. 62 735. 2 
TL (eee scree Se Reine eee MODE es EW ol oe 20, 4°4. 6 3. 60 738.0 | 17, 367.8 3. 39 588. 9 
US AT os es eb SS ee 8 Te eh ed 17, 225. 0 3. 50 604. 1 | 17, 958. 6 3. 37 605. 5 
Teh SEAS SE Es eG BL eae ae 17, 504. 9 3. 36 588.6 | 19, 410.7 3. 26 633. 1 
TANIRET REARS) O) Cd ppp eS 22, 074. 6 3. 56 785.6 | 18, 670. 2 3. 47 647.9 
Increase (+) of daughters over dams__-_-_--_|-+3, 404. 4 0.09 4 CEI B. Fah 2 | 
Percent increases secu we eee eeu +18. 2 +2. 59 Spe DUAR | SSR AU ek Re | CE ee 
Ten daughters exceeded dams in milk. 
Nine daughters exceeded dams in butterfat. 
Seven daughters exceeded dams in percentage of butterfat 
SIRE D 
1 eS ot ee la ae 28, 753. 6 2. 93 844.0 | 18, 882.7 3. 03 572. 4 
DIS RIO ERAS AB, yh MEL ea a yc le 24, 450. 6 3. 13 767.0 | 17, 703.8 3. 62 642. 1 
Faia Se Eo hr oe See 21, 647.5 3. 43 744.1 | 24, 397.1 3. 46 846.3 
AA a1 SMR} Ne lh ES EC I Rae hg 19, 988. 9 3. 56 712.8 | 14,022. 4 3. 45 485. 0 
SIRO eke Berle em ap Ad Seer ar eran 21, 379. 2 3. 32 711.9 | 23, 027. 2 2.76 637. 5 
(G)5 Sse By I oe ete Sr ee le Sk Cale 21, 308. 1 3. 16 675.0 | 16, 577.1 3. 14 520. 9 
H fesse neat ane! SS 2B fe as RAT Se RS een 21, 564.5 3. 10 670.4 | 18, 138. 2 3. 00 544. 4 
ene ie Den acs POND SO NSD AS Dee Se MICE SMA EN 17, 529. 1 3. 22 565. 2 | 14, 053. 5 3. 02 425.1 
C0 aR RES SUS ESE SRE Se Se Se eee 15, 540. 4 3. 26 507.7 | 11, 425.9 3. 39 388. 2 
UMVICRALe OOM ster Seen Ree Nay 21, 351.3 3. 23 688. 7 | 17, 580. 9 3. 20 562. 4 
Increase (++) of daughters over dams__-_-._|+3, 770. 4 =H 03) ||) tll26so0 bane see 
Pencentancreaseess assesses se eee eee +21. 4 +0. 94 EO igh tian eles 


. 
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TABLE 2.—Production records of daughters and their dams—Continued 


SIRE E 
Daughters Dams 
Milk Butterfat Milk Butterfat 
Pounds | Per cent | Pounds | Pounds | Per cent | Pounds 
Thee a ein Be SR RS ie Sh Se Se 24, 941.0 3.73 930.3 | 19, 539. 4 3. 24 634, 4 
7 SE SU Se RS Oa SR NE ar 26, 949. 8 3.33 899.5 | 22, 377.0 3. 08 684. 6 
Seo 2 - See Se a ee ee ee ee ee 24, 872. 1 3.19 794.3 | 22, 377.0 3. OF 684. 6 
pho Rs ys BO INE a a Ee a UR cy 25, 301. 6 2. 92 739. 2 | 22, 377.0 3. 05 684. 6 
Sener ee eee ESSN ere ek a 17, 684. 0 3. 91 691.6 | 17, 173.9 3. 9 670.5 
yeep pane pd EP ck Ue es a 21, 056. 1 3. 07 648.4 | 16, 422.0 oie 622. 4 
PAVE SOCIOL Geeta eat aba 2 oe eee | 2) 23, 467. 4 3. 34 783.9 | 20, 044. 4 3. 31 663. 5 
Increase (++) of daughters over dams_ --__4_|-+3, 423. 0 =F OH O33 Betis t el ONS oe ln N sais fe ere ee | aera 
PerIcent INCKeaSe. | ee +17. 1 +0. 91 sel 8: is | ere ee see 
All daughters exceeded dams in milk. 
All daughters exceeded dams in butterfat. 
Four daughters exceeded dams in percentage of butterfat. 
SIRE F 
! 
De ce ae ze 26, 692. 2 4. 04 3. 98 830. 2 
Pa a ee eae a oe er 28, 316.8 3. 07 3. 34 636. 9 
Be 2 ce LR I UA Si ie Veep er 23, 061. 2 3. 58 3. 73 678.3 
Shoe ee ce a ee I, 5 eS ode et 21, 029. 1 3. 60 3. 55 581. 2 
Dre ea ee ate ee i oe 21, 617.7 3. 45 3. 04 772.7 
(Pee ooo hee ELE = See = See eee eae eee 195 780i 3. 65 3. 79 569. 3 
Deer see ree be j= ee ee ee ee 20, 364. 0 3. 24 3. 24 670. 0 
Dee ee a Ls so UES he Aare 18, 102. 0 3. 30 3. 35 592.1 
Se SRN to Se ee ee es 16, 833. 9 3. 45 3. 22 531. 4 
LSID RE] C1 Bs Be eS ee en ee 21, 755. 4 3. 49 3. 45 651.3 
Increase (+) of daughters over dams_-_-____ -++2, 901. 3 TOROS ir OOH Ol |e a ewe | Se a ed 
PEMPeHEsTCTEASe =. 2 a te) 2 +15. 4 Stee Oa| ee tanto l Ospiel| saree ees |S ere we. [oe ot ee 
Seven daughters exceeded dams in milk. 
Seven daughters exceeded dams in butterfat. 
Four daughters exceeded dams in percentage of butterfat. 
SIRE G 
eee eee an eS ee ee 24, 690. 0 4.31 1, 065. 4 | 15, 032. 6 4,30 647.1 
Be coe et Se a ee 23, 044. 6 4, 21 972. 2 |. 28, 090. 0 By 5) 913.9 
Preset te Se ee eee ee 18, 831.0 4, 25 801.1 | 17, 591. 5 3. 61 636. 1 
Uo. 2) ee ee eee 22, 097. 8 3. 43 760.0 | 22, 287.0 3. 60 802. 6 
fone 22 pe She EE nee bee 22, 695. 8 3. 32 753. 8 | 19, 753. 7 3. 52 696. 3 
Vai ee eens 5 A et aPC 15, 657. 2 4.39 687.4 | 15, 735. 4 3. 83 602. 8 
Ur vii6 25. ee eee | 13, 945. 5 3. 81 531.8 | 14, 971.7 3. 88 581.8 
LSA SEN RE ae a Ae ee 20, 137. 4 3.95 795.9 | 19, 066. 0 3. 66 697. 2 
Increase (+-) of daughters over dams-_-_-_-__- -++1, 071. 4 -++0. 29 TOS iin teers yi melo ee oe ed = 
PEECOUPITICLCASC. 2 5 ae ee oe oeeeae week +5. 6 +7. 92 rN CE I a IE te at ed 
Three daughters exceeded dams in milk. 
Five daughters exceeded dams in butterfat. 
Four daughters exceeded dams in percentage of butterfat. 
SIRE H 
20, 516. 2 3. 66 752.1 | 18, 235.9 3. 74 683. 1 
21, 246. 0 3. 37 716.7 | 17, 027.3 3.39 577. 4 
| 23, 056. 6 3. 04 701.6 | 17, 046. 4 3. 08 526.3 
| 16, 566. 8 8. 75 622.3 | 17, 290. 0 3, 72 643. 3 
| 19, 422, 1 8.13 609.1 | 14, 245. 7 3. 14 448. 6 
Ed eee ae aoe eee pe oeacwne| LS, 400.2 3. O1 564.6 | 17,898. 1 2.92 523.3 
ECC) oe ee 19, 872. 9 3. 32 659. 4 | 16, 957. 2 3. 34 567.0 
Increase (+-) or decrease (—) of daughters 
Overiosms.:.2...... +A ee Sel |-+-2, 915. 7 —, 02 pane AA | Rane ec asf ler eta Se eee 
Per cent increase or decrease_.......------ 17, 2 —. 60 SELGHB ct sasecaxa|siaweiacea|sweseaubee 


Five daughters exceeded dams in milk. 
Five daughters exceeded dams in butterfat. 
Two daughters exceeded dams in percentage of butterfat. 
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TABLE 2.—Production records of daughters and their dams—Continued 


SIRE I: 
Daughters Dams 
Milk Butterfat Milk Butterfat 
: : Pounds |'Per cent | Pounds | Pownds | Per cent | Pounds 
if eae Se See RA ake Ree 22, 308. 8 3. 54 791.3 | 17, 514.6 3. 59 629. 6 
ee es ae SEE Sk ae _ a 23, 477. 1 3 BB 782.4 | 13, 700. 7 3. 49 479.3 
Aye Se eee oe Seen ee oe See _ ARS 23, 229. 5 3. 22 748.3 | 17, 514.6 3. 59 629. 6 
1 a es 6 Rass eV STE et NRE OPAL ED 22, 149. 5 3. 04 675.2 | 14,178.1 3. 53 500. 9 
Oe. SO A Oe EEO Yb Tat i cP 11, 553. 6 3.77 436.6 | 14,178.1 3. 53 500. 9 
(035 Sc ey ae eae ee 2 US Sp a > ae Ss See 12, 051.7 3. 01 362.8 | 15, 720.1 3. 24 510. 7 
AVerageOl Gi ss. 8 Rhee =i i BAO ke 19, 128. 4 3. 31 632.8 | 15, 467.7 3. 50 541.8 
Increase (+) or decrease (—) of daughters 
OVIOT AGAIN S ys RP UE HN ea Yo +3, 660. 7 —0.19 +91.0 
Per cent increase or decrease___---------__- +23. 7 —5. 43 +16. 8 


Four daughters exceeded dams in milk. 
Four daughters exceeded dams in butterfat. 
One daughter exceeded dam in percentage of butterfat. 


SIRES 
29, 053. 2 3. 40 988. 2 | 25, 227.1 3. 46 875.3 
25, 345. 3 3. 80 965.1 | 13, 447.5 3. 61 485.9 
23; 309. 5 4, 04 945.0 | 25, 227.1 3. 46 875.3 
21, 837. 5 4.29 937.6 | 11, 006.9 3.42 Sy 
24, 741.6 3.77 933.1 | 20,877. 2 3. 28 684. 9 
26, 331.0 3. 39 895.2 | 26, 134. 2 3.27 856. 6 
22, 424. 6 3. 70 830.9 | 23, 340.1 3. 58 835.9 
23, 853. 6 3. 24 774.0 | 27, 762. 5 3. 60 1, 000. 3 
19, 045. 8 3. 78 720.1 | 19, 602.3 3. 59 704. 3 
18, 569. 0 3.79 703.8 | 23, 485. 6 38. 45 811. 2 
18, 759. 8 3. 66 688. 3 | 27, 762. 5 3. 60 1, 000.3 
18, 804. 3 3. 59 676.0 | 15, 788. 4 3. 29 519. 5 
18, 826. 5 3. 59 677.4 | 15, 788. 4 3. 29 519.5 
19, 080. 8 3. 48 665. 2 | 25, 227.1 3. 46 875.3 
17, 585. 5 3. 61 635.7 | 11, 337.3 3.70 419.7 
15, 401. 7 3. 70 570. 1 8, 891. 4 4.01 357.1 
16, 264. 4 3. 44 561.0 | 11, 006. 9 3. 42 377. 2 
_| 15, 104. 5 3. 55 536. 7 | 21, 796.6 3. 33 725.9 
14, 894. 0 3. 55 530. 2 | 12, 266.6 3. 55 436. 2 
11, 412.9 4.14 473.3 | 12, 266.6 3. 55 436. 2 
ASVier Age Of: 20! 2 eee Re PLY 20, 034. 8 3. 67 735.3 | 18,912. 1 3. 48 658. 7 
Increase (++) of daughters over dams__-_-__- 15122: 7 +0. 19 = 76N6> 22655. |S ee ee ee 
Percent increase == =-2 22 se ho Se +5. 9 +55. 46 all 6 nlescces ee. |2 =. ee eee 
Eleven daughters exceeded dams in milk. 
Fourteen daughters exceeded dams in butterfat. 
Fifteen daughters exceeded dams in percentage of butterfat. 
SIRE K 
SUES iret Seer oa rn FL Ae an SN 21, 689. 0 3. 59 777.8 | 20, 690. 2 3. 55 734. 6 
Dea ee te oes oa ae Nae eR 19, 132. 7 Be il 709.3 | 14, 562. 4 3. 44 501.6 
ay RRS lamar ome eae mas Saran Bree Oe 20, 558. 8 3. 19 655.1 | 17, 046.4 3. 09 526. 3 
Ah DIZON Sao eee ean arate anes. Ngee haemo ecm oe ARN | 14, 146. 2 4.34 614.8 | 17, 027.3 3. 39 577.4 
BCI Pe ies 5 erat Su 2 | SE ah epren ee 16, 570. 7 3. 26 539.4 | 14, 245.7 Gb 5 448. 6 
Ge ee Ee TS AN 12, 413. 2 3. 51 436.8 | 14, 562. 4 3. 44 501.6 
VASVerazerOn Gis sie ose Use ime oe 17, 418. 4 3. 57 622.2 | 16, 355. 7 Bye 548.3 
Increase (++) of daughters over dams__-__-- +1, 062. 7 +0. 22 E789) A Ree Ser ee eee anes 
ericentinerease =: 2s te eee +6. 5 -+6. 57 1885) shoc2 cee eee 


Four daughters exceeded dams in milk. 
Five daughters exceeded dams in butterfat. 
All daughters exceeded dams in percentage of butterfat. 
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TaBLeE 2.—Production records of daughters and their dams—Continued 


SIRE L 


Daughters Dams 


Pounds | Per cent | Pownds | Pownds | Per cent | Pounds 


23, 451.5 3. 35 786.5 | 22, 449.5 3. 50 785. 8 

21, 183. 7 3. 39 718. 4 | 15, 967.8 |° 3. 66 584. 2 

21, 892.1 3. 13 684. 4 | 18, 716.3 3. 53 660. 7 

19, 693. 0 3. 47 683.1 | 14, 096. 2 By (tl 531.9 

18, 355. 0 3. 51 644.0 | 14, 946.5 3. 61 539.9 

18, 214.5 3. 45 627.9 | 16, 133.9 3. 36 541.3 

15, 972. 4 3. 74 597.5 | 14, 096. 2 3.77 531.9 

18, 236.5 3. 25 598.5 | 18, 716.3 3.53 660. 7 

17, 350. 5 3. 38 586.7 | 14, 096. 2 3.77 531.9 

14, 815.3 3.75 555.7 | 14, 946.3 3. 61 539. 9 

12, 196.6 3.13 382.0 | 11, 593.3 3. 96 459.0 

PAV CLACC Ole en sea. meee kom ree tk 18, 305. 6 3. 41 623.6 | 15, 978.0 3. 62 578. 8 
Increase (+) or decrease (—) of daughters 

OnE GH USe: Ste ee ee eee +2, 327.6 —0. 21 44 Bal oe ete |e coe aoe eee oe 

Per cent increase or decrease ___.---------- +14. 6 —5.80 sledge pal teat oe oe | een een | wear ree 


Nine daughters exceeded dams in milk. 
Nine daughters exceeded dams in fat. 
Two daughters exceeded dams in percentage of butterfat. 


SIRE M 
. 6 3. 69 608. 4 | 12, 480.8 3. 88 483.9 
. 6 3. 44 531.0 | 12, 445. 7 3. 40 423.1 
8) 3. 56 530.8 | 12, 470.8 3. 68 458. 7 
Jk 3. 49 521.2 | 12, 470.8 3. 68 458. 7 
mt) 3.08 499.8 | 21, 746. 2 2. 98 649. 0 
. 9 3. 68 450.1 | 12, 480.8 3. 88 483.9 
PV CEACCIOL Ome s nae = ed 14, 825. 2 3. 53 523.5 | 14, 015.8 3. 52 492.9 
Increase (++) of daughters over dams_-_-_____ +809. 4 +0. 01 STOO GF | Pettey Besa ery OE SSeS 
Pe CMePipaneChease== 26. 8 es -+5. 8 +0. 28 ODN e Lees 2 TS ee Es 2 
Four daughters exceeded dams in milk. 
Four daughters exceeded dams in butterfat. 
Two daughters exceeded dams in percentage of butterfat. 
SIRE N 
Lo See ee Se ae. See ae 18, 218. 0 3. 87 705.6 | 11, 311.8 3. 81 431.4 
J4 Ee Le a On ae oe eS See Pe 18, 456. 8 BH 695.0 | 12, 529. 7 3. 55 445, 2 
1 Se ee eee ce See ed 19, 973. 4 3. 40 678.4 | 15, 357. 5 3. 54 543. 1 
C2, SESS ee Se ee en ee ee ne 17, 300. 3 3. 75 648.7 | 19, 258. 8 4, 41 849. 2 
on Pe Se ae ey eee eee ae 16, 756. 9 3. 78 632.9 | 14, 913. 7 3. 54 527.9 
pn ek ee a) ey ee he ek 15, 826. 2 3. 48 550. 3 | 11, 649. 3 3. 94 458. 4 
Woe Lae eS Bee ae ee 16, 017. 2 3. 38 541.6 | 17, 882.3 4.32 773. 2 
Ui a 6 Se Se a ee 13, 761. 6 3. 71 510.4 | 14, 241.8 3. 71 528. 5 
Yossi ee eee eee 15, 096. 2 3. 33 502.3 | 17, 022.3 4. 41 750. 0 
= eA el | ee | eae | nei | 
PLASC OMG oe onan st aS 16, 822. 9 3. 61 607. 2 | 14, 907. 5 3. 96 589. 7 
Increase (+) or decrease (—) of daughters 
UKs CERTRIS o St areaieeh rm +1, 915. 4 —0. 35 
Per cent increase or decrease -+12.8 —8. 84 


Five daughters exceeded dams in milk. 
Five daughters exceeded dams in butterfat. 
Three daughters exceeded dams in percentage of butterfat. 
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TaBLE 2.—Production records of daughters and their dams—Continued 


SIRE O 
Daughters Dams 
Milk Butterfat Milk Butterfat 
Pounds | Per cent} Pounds | Pounds | Per cent | Pounds 
PU eR NR cae aN eg 14, 173.8 | 3. 02 428.5 | 18, 615.1 3. 42 466.3 
9) 3 atone Ye are IS Me en UM eM OI EO 12, 336. 0 3. 81 469.7 | 10, 546.0 3. 47 366. 3 
So} Lz DRI) SS ape Sea BNE GAOL | WOR Eas 19, 162. 7 4,21 806.6 | 19,316. 4 4.17 805. 9 
CE ae aa Ae ec eo SU UY a Seo 2D 21, 578.0 Bt, 1183 674. 5 | 15, 708. 5 3. 27 513.1 
(a, Li SRM oh 5 Beene eae ae Ran gf i 13, 329. 5 3. 52 469.7 | 15, 901.4 4.03 640. 9 
(05. F 2 RNS GY a AN en TAs O'S) AP ee 13, 479. 7 3. 63 489.1 | 13, 615.1 3. 42 466. 3 
Average of (She car Thm a UO estate 15, 676. 6 3. 55 556.3 | 14, 783. 7 3. 67 543. 1 
Increase (++) or decrease (—) of daughters 
OMerGaIMS 2 NY ee a a +892. 9 —0. 12 SPB YD: sec eA ee 
Per cent increase or decrease__-_---------- +6. 0 —3. 27 Ds A a TSI se 
Three daughters exceeded dams in milk. 
Four daughters exceeded dams in butterfat. 
Three daughters exceeded dams in percentage of butterfat. 
SIRE P 
18, 355. 7 3. 70 678.7 | 18, 670.1 3. 23 603. 5 
19, 861.0 3. 03 602.7 | 18, 762.6 3. 08 577.5 
14, 776.1 3. 71 547.9 | 15, 223.1 3. 65 556. 2 
14, 634. 5 3. 64 533.9 | 16, 510.8 3. 06 505. 4 
13, 167.6 3.31 435.9 | 15, 754.3 3. 28 516.1 
12, 713.1 3. 10 393.9 | 13, 051. 4 3. 04 396. 3 
AWCRAS CIOL Gs Bs aa Die ine Bm 15, 584. 6 3. 41 §32. 2 | 16, 328.7 3. 22 525. 8 
Increase (-++) or decrease (—) of daughters : 
OCT RCA S eas oil Aaa a Aang HN pac a —744, 1 -++0. 19 ALOs 4 es aa Se A A | 
Per cent increase or decrease__-_.--------- —4.6 +5. 90 Eg Ai aed aa RR YG ah 
One daughter exceeded dam in milk. 
Three daughters exceeded dams in butterfat. 
Five daughters exceeded dams in percentage of butterfat. 
SIRE Q 
RON UU Ne is FARM epee AN ca 22, 552. 5 3. 21 723. 8 | 17, 893. 0 3. 80 679. 5 
pl sees eat ea RU i Heh Ue NNR SN 20, 267. 7 3. 55 719.0 | 14, 122. 2 3. 34 472.3 
CL A Se Nu a VC oR nO 20, 895. 6 3. 28 686. 4 | 14, 630.0 3. 58 523. 2 
Ue ANS AI ie IN ISI BO in Pl RENE nea 19, 048. 2 3. 51 667.9 | 19, 999.8 3. 27 654. 4 
LU aR RLS AERC NSNM  O T eI IE e 18, 463. 0 3. 28 605. 0 | 17, 879. 1 3. 35 598. 2 
Gs a ote A a RR Ek ACB a ai 18, 300. 4 38. 13 573. 4 | 16, 497. 4 3. 33 549. 0 
CES POS) Rs 9 arn a Ss ae 16, 654. 4 3. 30 549.6 | 16, 497. 4 3. 30 544. 4 
{oR UN 2 iO G08 0 9 a 2 13, 245. 5 3. 69 488.7 | 18, 509.7 3. 60 666. 4 
(AU a 5 Sap GE RSS A 15, 807. 8 3. 07 484.9 | 14, 755.6 3. 23 475.9 
MO) 9 2 Saas <a eaters ie CS ECM a CG 14, 547.4 3. 29 478.0 | 21, 063. 0 3. 43 723. 0 
1 Ue 8 een ets eR hn 13, 966. 8 3. 34 466.1 | 17, 894.8 3. 35 598. 9 
Averagerof 1: eee OR er 17, 613. 6 3. 33 585. 7 | 17, 249.3 3. 42 589. 6 
Increase (++) or decrease (—) of Atenas 
OVE TC Am Seamer rete eas eps +364. 3 ONO OHO) Ne aire eh 20 ne eee 
Per cent increase or decrease_____-__-____- +2. 1 —2. 63 Oi Th eR NCTE SRI ee eee 


Seven daughters exceeded dams in milk 


Eight daughters exceeded dams in butterfat. 
Three daughters exceeded dams in percentage of butterfat 
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TABLE 2.—Production records of daughters and their dams—Continued 


SIRE R 
Daughters Dams 
Milk Butterfat Milk Butterfat 
Pounds | Per cent | Pounds | Pounds | Per cent | Pounds 
Tepe eRe fe ees Sp eA 15, 458. 3 3. 23 499.8 | 17, 287.3 3. 33 575. 0 
ia wm SS se Hae PEM eT ee 17, 718.1 2.75 487.7 | 15, 387.8 2. 74 423.1 
3 wl ee Si es See ee ee 13, 285. 0 3. 40 451.8 | 12, 258.9 3. 53 433.0 
Zh Soe ee Se ES ee Oe ae oy Sr 15, 688. 1 2. 61 409.7 | 15, 387.8 2. 74 423.1 
Pine = SES Ree Se Be EERE cau pert See 11, 975.8 3. 20 383. 2 | 12, 258.9 3. 53 433. 0 
Te eon She Ee ae oe ae 10, 928. 3 3. 31 361.4 | 11, 367.8 3. 25 368. 9 
rArveracenof 62-2) uk ot Pe eee 14, 175.6 3. 05 432.3 | 13, 991. 4 3. 16 442.7 
Increase (++) or decrease (—) of daughters 
EEE GPITS a St ON AS +184, 2 —0.11 ot OS A ol hee i om Me [ie ae alee eee 
Per cent increase or decrease _-_.._-------- +1.3 —3. 48 Sa ib | ae ase oe oem [alee a tlk 
Three daughters exceeded dams in milk. 
Two daughters exceeded dams in butterfat. 
Two daughters exceeded dams in percentage of butterfat 
SIRE S 
[IRE SE Ce RGN Ghd BR 14, 064. 6 4.30 604. 2 | 10, 300. 0 4, 44 457. 6 
Pes pe a SE ES TS Es ee 16, 728. 5 3. 27 546.6 | 18, 329. 6 3. 34 611.8 
34 ee EN ee ee oe oe a 13, 594. 9 4.00 541.9 | 16,355. 5 3. 88 634. 2 
Ch ES OE re i aes See) ee 15, 168. 5 3. 28 496.9 | 15, 068. 3 3. 63 546. 4 
Fie SSS a OB ONS 14, 897. 0 3. 18 473.2 | 14, 069.5 3.24 456. 2 
(Ea re RR ae a alr laa al RSE Ra es 11, 831.1 3. 88 458.8 | 15, 669. 8 3. 22 505. 1 
Ti OE er 11, 779. 5 3. 44 405.1 | 16,032. 5 3.37 540. 5 
Acvverage Of(i2-.2--=s-25--=L 42422222 14, 009. 2 3. 60 503. 8 | 15, 117.9 3. 55 536. 0 
Increase (++) or decrease (—) of daughters 
RVeTaC ainiseene 05.9 Fk Oe ae —1, 108. 7 +0. 05 SO ee ee ro ee (AR ea 
Per cent increase or decrease-_------------- 8 +1. 41 = On| Ohi seen enn Sean oo | Sone eee 
Three daughters exceeded dams in milk. 
Two daughters exceeded dams in butterfat. 
Three daughters exceeded dams in percentage of butterfat. 
SIRE T 
ee ee ay, oy Ae ee oe a ed 23, 050. 3 3. 32 765.9 | 18, 511.7 3. 67 679. 9 
ee Soo ots ap auaneted 19, 737.4 3. 53 697.6 | 19, 074.8 3. 70 706. 1 
eee 2 2 EE EE EL: eee eae ee ee, ee 18, 347. 6 3. 61 662.3 | 16, 977.6 3. 58 607. 1 
A ee a oo een ek teed 18, 057. 7 3. 31 596. 8 | 17, 809. 8 3. 92 697. 4 
yee = eee es DSA en ee ed 16, 702. 7 3. 56 595. 4 | 19, 074.9 3. 70 706. 1 
(in. I eeeee ee eee 17, 417. 4 3. 29 572.3 | 21, 611.7 3. 37 728.0 
a Lee eee. Beat ae Spee oe 16, 481. 0 3. 35 551.6 } 18, 619. 5 3. 63 675, 7 
AV ELAS AOU a2. Ne een a eed 18, 542.0 3. 42 634.5 | 18, 811. 4 3. 65 685. 8 
Decrease (—) of daughters over dams__-__-- —269. 4 —0,. 23 == OU tO || mS ere ae Se Tr ee ie ee ar 
encent G6crease...-5_s 2nslss-h sedan onod —1.4 —6. 30 inh) WEeeee sake Leela ce eeae 


Four daughters exceeded dams in milk. 


Two daughters exceeded dams in butterfat. 
One daughter exceeded dam in percentage of butterfat. 


60980°—26} 2 
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TABLE 2.—Production records of daughters and their dams—Continued 
SIRE U 


Daughters Dams 


Milk _ Butterfat Milk Butterfat 


——————— | 


Pounds | Per cent | Pounds | Pounds | Per cent | Pounds 


[Be aN NSIS RUE NE Re Fa ERMA FL J SMI Din 13, 994. 8 3. 35 468.5 | 12, 691.9 3. 88 492. 9 
2 Maas se sbenie To 25s ER POR x he 14, 990. 5 3. 07 459.7 | 15, 071.8 3. 78 569. 5 
Yate ee ed TSR ea Ee eee oes Bu 14, 239.6 3. 41 485.2 | 15, 559.1 3. 27 508. 6 
seat spina ee SETA ON Oe 13, 580. 1 3. 16 429.2 | 16, 335.1 3. 46 565. 8 
ES = a ie i OO a 9 MUN a EOS IRN Me 14, 913.1 3. 23 481.1] 9,555.6 3. 68 351.7 
GSR aD eS BRU OD Yi ORR eR OS 14, 727.0 3. 06 451.6 | 19, 002. 6 3. 20 608. 1 
CEs a RT WP EE SO 11, 881. 3. 29 390.8 | 14, 446.3 3. 30 477. 4 
PAV CTE Olid tn ns eon tered, Non ale 14, 046. 7 3. 22 452.3 | 14, 666.0 3. 48 510. 5 
Decrease (—) of daughters over dams______ —619. 3 —0. 26 5B DN ok SD De Sa EROS LY RN pa 
Pencentdecrease: == Be —4.2 —7. 47 11.44) ee) ee ee 
Two daughters exceeded dams in milk. 
One daughter exceeded dam in butterfat. 
One daughter exceeded dam in percentage of butterfat. 
SIRE V 
16, 971. 7 3. 54 601. 2 | 17, 148.8 3. 29 563. 7 
16, 687. 4 3.32 554.1 | 18, 670.1 3. 23 603. 5 
14, 973.1 3. 44 515.5 | 15, 754.3 3. 28 516.1 
14,135. 2 3. 42 483.7 | 20, 108. 2 3. 26 656. 2 
18, 049.3 2. 62 472.1 | 13, 815.9 3. 02 417.4 
15, 237. 6 3. 06 466. 2 | 17, 343.6 3. 27 566. 6 
12,126. 5 3. 82 463.1 | 20, 108. 2 3. 26 656. 2 
A VOT ASG; Oli an Bee eRe. Egeh ab: | 15, 454. 4 3. 29 508. 0 | 17, 564. 2 3. 24 568. 5 
Increase (+) or decrease (—) of daughters 
Over Cams bite = oo ee re re eel —2, 109.8 +0. 05 — 605) Sooo 22) 2. A es 
Per cent increase or decrease__.__-_-_---_- —12.0 +1. 54 10864) 2s eS ece|paoct: 4 L pee 
One daughter exceeded dam in milk. 
Two daughters exceeded dams in butterfat. 
Five daughters exceeded dams in percentage of butterfat. 
SIRE W 
21, 208; 6 3. 71 786.4 | 15, 652.5 3. 76 589. 1 
23, 088. 1 3. 40 785. 8 | 20, 407.7 3. 94 804. 3 
19, 502. 2 3. 48 678.8 | 20, 323.0 3. 51 712.4 
19, 652. 2 3. 36 660. 2 | 18, 510. 7 3. 67 679.9 
18, 640. 6 3. 50 653.8 | 17, 562.0 3. 60 632. 7 
18, 251.3 3.08 643.8 | 20, 407.6 3. 94 804. 3 
17, 330. 0 3.71 643.0 | 17, 809.8 3. 92 697. 4 
17, 421.4 3. 63 632.0 | 17, 478.9 3. 96 692.5 
| 19,799. 0 3. 18 629.6 | 16, 668. 2 3. 88 646. 5 
| 16. 511.8 3.71 613.2 | 17, 478.9 3.96 692.5 
17, 285. 7 3. 53 610. 4 | 20, 323.0 3. 51 712. 4 
18, 562. 4 3. 18 589.6 | 24, 858. 1 3. 07 762. 7 
16, 796. 1 3. 40 570. 4 | 18, 619.5 3. 63 675. 7 
15, 058. 2 3. 52 530.3 | 18, 676.8 3. 64 680. 1 
13, 278. 0 3. 65 484.6 | 15, 701.7 3. 73 586. 2 
13, 296. 8 3. 22 428.2 | 21, 611.7 3.37 728.0 
PASVET AOL OMG 6 ween. palette mene ee 17, 855. 1 3. 48 621.2 | 18, 880.6 3. 67 693. 5 
Decrease (—) of daughters over dams__-__- —1, 025.5 —0. 19 723) |sbes 2 Bese Us S36 a See 
iPericentidecreasess eae ae ee —5.4 —65. 18 1084 i Sek er Gee eee 


Five daughters exceeded dams in milk. 
Two daughters exceeded dams in butterfat. 
Two daughters exceeded dams in percentage of butterfat. 


Table 3 is a summary of Table 2 showing the increase or decrease 
in yield of milk, percentage of butterfat, and yield of butterfat of 
the daughters of each of the 23 sires as compared with the records 
of their dams. Comparisons are made in pounds of milk, pounds 
of butterfat, and fat tests, with the per cent of increase or decrease 
in each case. 
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TaBLE 3.—Summary of sires having six or more yearly-record daughters whose 
dams have yearly records, in order of relative increase in pounds of butterfat, by 
daughters over dams 


Increase (++) or decrease (—) of daughters over dams. 
Sire Milk Butterfat test Butterfat 


Pounds | Per cent | Amount | Per cent | Pounds | Per cent 


a | |) | | 


eee ot ees Le ee +5, 110. 9 +35. 3 +0. 13 +4. 02 | -+191.0 +40. 9 
pe SOE RNs) O15 2S 8 ER ee ee tes +4, 185.3 +-24.1 +0. 11 +8. 24 | +163.8 +28. 2 
(Ci. a iT ES ele ee eee ee +3, 404. 4 +18. 2 +0: 09 +2.59 ) +1388. 7 +21. 4 
Spin i, eet oe wie NY eecses +3, 770. 4 21. 4 -£0. 03 +0.94 | +-126.3 +22. 4 
ipa ates eee! See 28s ret eee OPCS oe +3, 423: 0 +17. 1 +0. 03 +0.91 | --120.4 +18.1 
IP 2. ee ee eS Sia eee ae ee as eae +2, 901.3 +15. 4 --0. 04 +1.16 | -+-109.0 +16. 7 
Meee SNEED eh 2 A Eh 1, 071. 4 -F5. 6 +0. 29 +7. 92 +98. 7 +14. 2 
TEE Le GSE w a a Re ee ee a eee +2, 915. 7 +17. 2 —0. 02 —0. 60 +92. 4 +16. 3 
eis ede Se A a +8, 660. 7 +23. 7 —0.19 —5. 43 +91. 0 +16.8 
USS ae 2a Be aes We ee eee Fl, 122.7 +5. 9 +0. 19 +5. 46 +76. 6 +11.6 
1 2 oRE = SSE a eee See eee ee +1, 062. 7 +6. 5 +0. 22 +6. 57 +73. 9 +13. 5 
lio See eee ee +2, 327.6 +14. 6 —0.21 —5. 80 +44. 8 Sree 
ES eS se ee Ops See eae a eee +809. 4 +6. 8 +0. 01 +0. 28 +30. 6 +6. 2 
eee Seen ee SS +1, 915. 4 +12. 8 —0.35 —8. 84 +17. 5 +2. 9 
Bee ops ete Mo esta Fe tee. +892. 9 +6. 0 —0. 12 —3. 27 +13. 2 204 
Ee Se Oa ee —744. I —4.6 -+0. 19 +5. 90 +6. 4 +1. 2 

SREB Be oh OE OR ee 8 2D eee +364. 3 =poal —0..09 —2. 63 —3.9 —0.7 

2 on3 ah See SE SE: ee 2 ae +184, 2 +1.3 0) i —3, 48 —10.4 =23 
secede Se SSL Se ce an Se ap es pe —1, 108.7 —7.3 +0. 05 +1. 41 —32. 2 —6.0 
pe yes eereci ee | Fe eo Besvh ez eee e —269. 4 —1.4 —0. 23 —6. 30 —51.3 —7.5 
eee ee ee eS ae a es —619. 3 —4, 2 =0: 26 —7.47 —58. 2 —11.4 
nyo ts 58.8 Bap Be ES Bao ee Pe 2 ee —2, 109. 8 —12. 0 -0. 05 +1. 54 —60. 5 —10.6 
soi pe eee ee ER Se es —1, 025. 5 —5.4 thi) —5. 18 —72.3 —10.4 


METHOD OF INHERITANCE 


A study of the records of the daughters and their dams in Table 
2 shows a remarkable variation. Note the following instances: 

The highest-record daughter of sire A is out of the dam that has 
the lowest record of the five. His lowest-record daughter is out of the 
dam with the next lowest record. The one daughter which failed 
to make a larger record than her dam was from the dam with the 
highest butterfat record, and yet this daughter’s record is 6,491 
pounds of milk and 215 pounds of butterfat lower than his highest- 
record daughter. 

Sire B’s highest-record daughter is out of a dam with the third 
from the lowest record, and his daughter with the next to lowest 
record is from the fourth highest dam. There are two full sisters in 
his list of daughters. One is second in the list of 13 daughters, the 
other is ninth, the latter with 3,301 pounds of milk and 184 pounds 
of butterfat less than her sister. 

Sire C has 12 daughters whose dams have yearly records. The 
highest-record dam, which produced 892 pounds of butterfat, has a 
daughter with the third highest record, or 891 pounds of butterfat; 
whereas the lowest-record dam, with 404 pounds of butterfat, has a 
daughter with the fourth highest record, or 862 pounds of butterfat. 
His highest-record daughter produced 917 pounds of butterfat and her 
dam 730 pounds. The next highest daughter, which produced 893 
pounds of butterfat, is from a dam with 574 pounds. 

The lowest-record dam in the list of sire D produced 388 pounds of 
butterfat; her daughter, sire D’s lowest-producing daughter, has a 
record of 507 pounds of butterfat, an increase of 119 pounds. Sire 
D’s highest-producing daughter produced 844 pounds of butterfat 
and her dam produced 572 pounds, an increase by the daughter of 
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272 pounds over the dam. ‘The highest-record dam produced 846 
pounds of butterfat and her daughter 744 pounds, or a 102-pound 
decrease. This daughter of the highest-record dam has a record that 
is 100 pounds lower than that of the highest-record daughter, whose 
dam’s record, 572 pounds of butterfat, 1s 274 pounds less than that 
of the highest-record dam. 

The highest-record daughter of sire F was out of a dam with the 
highest record of any of the dams, 20,847 pounds of milk and 830 
pounds of butterfat; yet this daughter’s record is larger than the 
dam’s by 5,845 pounds of milk and 249 pounds of butterfat. His 
lowest-record daughter was out of the lowest-record dam. This 
dam has a record of 16,483 pounds of milk and 531 pounds of butter- 
fat. Her daughter’s record is larger by 350 pounds of milk and 
49 pounds of butterfat. Note the difference between this increase 
from a low-record dam and the increase from the highest-record 
dam. Two of his other daughter’s records were lower than those 
of their dams. 

The highest-record dam of the daughters of sire G has a record 
of 913 pounds of butterfat. The daughter of this dam exceeded this 
record by 59 pounds. This increase was due to a rise of almost 
1 per cent of butterfat. The yield of milk of the daughter was less by 
5,046 pounds. The lowest-record dam produced 581 pounds of 
butterfat and her daughter 531 pounds, a decrease of 50 pounds. 
This decrease was due to both a lower yield of milk and a lower per- 
centage of butterfat in the milk. The one other daughter of this 
sire that had a lower butterfat record than her dam was out of a dam 
which produced 802 pounds of butterfat. 

Included in the list of six daughters of sire I are two pairs of full 
sisters. The dam of one of these pairs had a record of 17,514 pounds 
of milk and 629 pounds of butterfat. Both daughters of this dam 
made more milk and more butterfat than the dam. One daughter 
exceeded her dam’s production by 4,794 pounds of milk and 162 
pounds of butterfat and had nearly the same test as the dam. The 
other daughter produced 5,715 pounds of milk more than the dam, 
but the percentage of butterfat in her milk was 0.37 less than that 
of her dam and her increase in total butterfat was only 119 pounds. 
The dam of the other pair of sisters has a record of 14,178 pounds 
of milk and 500 pounds of butterfat. One of these sisters increased 
the yield of milk 7,971 pounds, lowered the percentage of butterfat 
0.49 (from 3.53 to 3.04) and increased the total butterfat 175 pounds. 
The other sister decreased the yield of milk 2,625 pounds, raised the 
percentage of fat 0.24 and decreased the total butterfat 64 pounds. 

Such examples as those mentioned may be cited in the records of 
the daughters of every sire in the list. A careful study of the com- 
parative records of each sire will show great variations in the records 
of the daughters of the same sire, and between the records of the 
daughters and their dams. Instances are found of the highest- 
record daughters coming from the lowest-record dams. There are 
other instances in which both the highest-record and the lowest- 
record dams have daughters which show increases, whereas other 
dams coming in between these extremes have daughters showing 
decreases. 

It seems clear that the daughters’ records are not a blend between 
the production ability of sire and dam, and it also seems clear that the 
increase or decrease of the records of a sire’s daughters over or under 
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the records of their dams will not be uniform; nor is the size of the 
record of the dam a criterion of the size of the record of the daughter. 


THE BLENDING-INHERITANCE THEORY 


Many investigators and breeders believe that the inheritance of 
milk and butterfat production is of the blending type. It has been 
suggested, in accordance with this theory, that the true measure of a 
sire’s inherent ability might be calculated by adding the average in- 
crease of the daughters over their dams to the average record of the 
daughters, the result being the true inherent transmitting ability of 
the sire for milk and butterfat production. The assumption is that 
the capacity of the daughter is halfway between that of her sire and 
that of her dam. Thus, if the sire’s inherent transmitting ability is 
800 pounds of butterfat and he is bred to a 600-pound-butterfat cow, 
the daughter should have the ability to make an average between the 
two, or 700 pounds of fat. 

This theory was tried out by taking the average butterfat records 
of the daughters of sire B and theirdams. The average of the daugh- 
ters was 745 pounds of butterfat; the average of their dams was 581 
pounds of butterfat. The difference between the average of the 
daughters and the average of the dams was 164 pounds. This added 
to the average of the daughters gives the sire an inherent transmitting 
ability of 909 pounds of butterfat. With the inherent transmitting 
ability of the sire a known quantity, as is also the record of the cow 
to which he is mated, it should be possible to predict the producing 
capacity of a particular daughter by halving the sum of the sire’s 
standard and dam’s record, the resulting average being the daughter’s 
producing capacity. But when this system is applied to the individ- 
ual ee of sire B the results do not check well with the actual 
records in Table 2. The comparison is shown in Table 4. 


TasLe 4.—Butterfat records of daughters of sire B, showing butterfat production 
predicted by blending-inheritance computation, and that actually produced 


Differ- Differ- 
ence ore ence of A 

Butterfat |Butterfat | Predicte Butterfat| Butterfat| Predicte 

Daughter No. | predicted | produced aeons Daughter No. | predicted! produced ae 
produc- produc- 

tion tion 

Pounds | Pounds | Pounds Pounds | Pounds | Pounds 
Le ep es he eel | 705.3 970.5 — 265. 2 ipeeeeee oe ee eee 678. & 738. 6 —59.8 
ya Sa Ee ee. eee ere } 791.8 912.1 120. 3 |i) GzEseer - yar ees 791.8 (P16) +643 
SY = ee 759. 6 848. 8 =—89;'2 i) (Oe ae ey 786. 4 688. 3 +98. 1 
Cp as 5 a Se) eee 68 821. 2 135; Gia ce seek etek 717.6 623. 7 +93. 8 
| Lares: a } 734.9 804. 5 —69. 6f || 2:2 <2 oo ee ee 783. 5 517.9 +265. 6 
() ES ee 717.7 784. 2 =66. OT Bea soo ee eee 743. 2 506. 1 237.1 

(2 EPs See eS eee | 792. 6 745. 0 +47. 6 


It is true that where there have been crosses between two distinct 
breeds of: dairy cattle that have a considerable difference between 
their milk flow and their range of butterfat percentage, such as the 
Holstein-Friesian cross on Guernsey or Jersey, it has been observed 
that the resulting progeny have a milk flow and a percentage fat that 
are intermediate between those of the two parents. In these crosses 
between distinct breeds there are probably so many independently 
inherited factors having a bearing on the milk flow and the percentage 
fat in each parent, that it is almost impossible to bring about, in any 
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limited number of animals, a segregation of factors that will result 
in the exact reappearance of either of the parental characters. For 
crosses within a breed, however, there is not the same evidence of 
intermediate milk flow and percentage fat. The great variation m 
records between the daughters of a sire, and also the variation between 
records of the daughters and their dams, do not indicate a blended 
inheritance of the type shown by crosses between distinct breeds. 
There are several explanations that may be given to account for 
this great variation in the production capacity of the daughters of a 
sire: (1) The factors that determine high-producing capacity may be 
dominant over those determining a low-producing capacity. (2) 
Each individual sire and dam may have a double nature in its heredi- 
tary make-up. The dam may be a good producer, because of domi- 
nant factors for high production received from one parent, but she 
may also possess recessive factors for low-producing capacity that she 
received from her other parent; and, consequently, she may transmit 
to a part of her offspring an inheritance for high-producing capacity 
and to the other part an inheritance for low-producing capacity. 
(3) The cumulative or multiple factor hypothesis is based on the 
theory that quantitative characters are produced by cumulative 
factors; that is, when a factor is added to another similar factor, the 
cumulation affects the degree of development of that character. 


WHAT IS A GREAT SIRE OF PRODUCTION? 


Which is the greatest sire of production? Is it (1) one that gets 
daughters that are as good as their high-producing dams; (2) one 
that gets daughters that make considerably larger records than 
good dams; (3) one that gets daughters that make much larger 
records than their low or medium-producing dams; (4) one that gets 
daughters with the greatest average increase of milk and butterfat 
over their dams; (5) one whose daughters have the highest average 
yield of butterfat and milk regardless of the dam’s average; (6) one 
that has the greatest proportion of his daughters better than their 
dams regardless of the amount of the increase; or (7) one that has 
daughters showing the greatest uniformity of production? 

If sires were judged solely by the average increase in yield of their 
daughters over their dams, some sires having only one-third of their 
daughters better than their dams would appear better than other 
sires with two-thirds of their daughters better than their dams. 
Nor can a sire be judged entirely by the number of his daughters that 
are better than their dams, for if the dams were low producers and 
the increase of the daughters was small, the sire would not have 
great merit. 

It seems desirable to take into consideration all the following 
factors in judging the comparative merits of several sires: The 
average yield of their daughters; the average increase in the yield of 
the daughters over that of their dams; and the number of daughters 
that were better than their dams. 

The 23 sires studied are given comparative rankings in Table 5 
with respect to average milk yield of their daughters, average butter- 
fat yield, average increase of milk, average increase of butterfat, and 
the percentage of daughters that were better than their dams in 
milk and in butterfat yield; in the last column is the sum of his 
rankings in the various classes. 
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TaBLe 5.—Ranking of the 23 sires in various classes based on the comparative 
production of thetr daughters 


Rank according to— 


Belbfive Number 4 Percent- poe 
= r (0) verage | Average age of 
Sire in this | daugh- | milk |butterfat| Average Awerage daugh- daugh- Petal 
group ters pe vot ma G bourse . ters aiaRinie rine: 
augh- | daugh- | of m: making | ! : 
fe rare butterfat increase increase ings 
in milk |putterfat 
1D oe ee eee 1 6 1 3 5 5 1 1 16 
18 as = = el le ce 2 13 5 5 2 2 2 3 19 
(CLO. s Se ee eee 3 12 2, 2 6 3 3 8 24 
Deere ee ater ys 4 9 4 7 3 4 6 2 26 
J, COs PR SDE SESS Pe 5 5 9 9 1 1 5 6 31 
[Psa ros en SS See 6 9 3 4 8 6 6 7 34 
ELD 2 ads Se eae 7 6 8 8 Uf 8 3 4 38 
GRE Pe ete TFs 8 7 6 1 12 7 13 10 49 
ll. 2 seer ee 9 6 10 11 4 9 ¢/ 12 53 
iyp Bee Se Eee eee 10 int 12 12 9 12 4 5 54 
foe Se ee eee 11 20 7 6 11 10 11 11 56 
12 6 15 13 13 11 7 4 63 
13 9 16 a) 10 14 10 13 78 
14 ll 14 16 16 17 8 9 80 
15 a 11 10 18 20 9 16 84 
16 6 20 19 15 13 7 12 86 
17 6 17 17 14 15 12 12 87 
18 6 18 18 20 16 16 14 102 
19 16 13 14 21 23 14 18 103 
20 6 21 23 17 18 12 15 106 
21 7 23 21 22 19 13 16 114 
22 7 22 22 19 21 15 17 116 
23 7 19 20 23 22 17 16 117 


No sire has the same rank in all classes. Several have the same 
rank in three classes. The smallest total of the rankings in the six 
classes indicates the sire having the best general rank. 

This method of comparing the merit of several sires for their 
ability to transmit milk and butterfat producing capacity to their 
daughters is not without its faults. Probably the most serious 
fault is in allowing average production of milk and of butterfat to 
have equal weight with the average increase of milk and butterfat 
yield and the percentage of daughters that were better than their 
dams. ‘These last two qualifications would appear to measure fairly 
the influence of the sire; but the first qualification, the average yield 
of daughters, may be due to a very great extent to the influence of 
the dams. 

An illustration of the influence that the high average production 
may have in the final rankings is shown in sires Q, T, M, O, and P, 
whose final relative rankings are near together. The average pro- 
ductions of milk and butterfat of the daughters of these sires are 
given in Table 6. 


TasLe 6.—Production of daughters (and their dams) from five sires with com- 
parative rankings shown 


Daughters Dams 
Sire Rank | 
Milk Fat Milk Fat 
Pounds Pounds Pounds Pounds 
Re i we hie bk a wie done naddeceee r 14 17, 613. 6 585. 7 17, 249. 3 589. 6 
a NE oe tie alle” Ra Aa a i oO ae 15 18, 542.0 634. 5 18, 811. 4 685. 8 
Rae a heerlen At ds Dall cc kewcenno al 16 14, 825. 2 523. 5 14, 015. 8 492.9 
UE OES So Sa 2 OEE eebee eae aS oe a 17 15, 676. 6 556. 3 14, 783. 7 643. 1 


ROA RAT on cee ep didlos Vas aie im mie dumigen an owed 18 15, 584. 6 532. 2 16, 328. 7 525. & 
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Thus sires Q and T, who decreased the average butterfat yield of 
their daughters, have a higher ranking than do sires M, O, and P, 
who increased the average butterfat yield of their daughters. This 
is brought about largely through the much higher average yield of 
milk and butterfat of the daughters of the sires Q and T, though the 
relative ranking among these five sires in the percentage of daughters 
better than their dams is high for sire Q in both milk and butterfat 
and for sire T in milk. 

Such inconsistencies do not appear in the rankings of the other 
sires, though the final ranking is not always in the same order as the 
amount of the average increase or decrease of the daughters for any 
one class. 


THE STANDARD DEVIATION AND COEFFICIENT OF VARIABILITY FOR BUTTERFAT YIELD 
OF THE DAUGHTERS OF THE 23 SIRES AND OF THEIR DAMS 


Judging by the records of the daughters of the 23 sires in this study, 
it is not to be expected that any sire, at this stage of breed improve- 
ment, will get daughters all of which will have the capacity to make 
uniform records of any certain standard. This is true regardless 
of how uniform the production records may be of the dams to which 
a sire is mated. A study of the detailed records given in Table 2 
readily shows the great variation in the producing capacity of 
each sire’s daughters. It is not strange that there shoulel be such 
a great variation when the double nature of the hereditary make-up 
of each individual is considered and when we realize how few matings 
are made where the animals are known to be homozygous or pure 
in their inheritance for the desired characters. If a sire’s inheritance 
for a character, such as milk and butterfat producing capacity, is 
not homozygous, so that he can not transmit to each of his offs ring 
the same capacity for production, and then if this sire is mated to a 
group of dams, each of whose 30 ancestors in 4 ancestral generations 
show varying degrees of producing capacity, it is not surprising that 
the offspring should show a wide variation in producing ability. 

It would seem that a prepotent sire, ted to a group of cows 
having a considerable range in producing capacity, would get 
daughters showing greater uniformity of production. The standard 
deviation * and the coefficient of Sey of the butterfat yields. 
of daughters, and of their dams, as given in Table 7, does not show 
that the sires who decrease the coefficient of variability were any 
more prepotent in increasing production as measured in Table 5, 
than were the sires who increased the variability of the butterfat 
producing capacity of their daughters. The dams to which sire N 
was mated had a standard deviation of 148 pounds butterfat, whereas 
his daughters had a standard deviation of only 76 pounds butterfat-— 
a decrease in the coefficient of variability from 25.22 per cent for 
the dams, to 12.57 per cent for the daughters. Yet sire N ranks 
thirteenth in prepotency for producing capacity as measured in 
Table 5. 

On the other hand sire I’s daughters show a standard deviation of 
170 pounds butterfat as compared with a standard deviation of only 
62 pounds butterfat in their dams. The coefficient of variability is 
increased from 11.56 per cent for the dams to 26.91 per cent for the 


3“«Standard deviation”’ is a term used in statistical calculations to denote a mathematical measure of 
the variability of the items in a group from the mean, or average, of the whole group. ‘‘Coefiicient of 
variation”’ is an index of variability appearing in the form of rate per cent. 
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daughters. Sire I ranks ninth in prepotency among the 23 sires as 
measured in Table 5. The daughters of sire E, who ranks first in 
prepotency for production capacity in Table 5, show a greater 
coefficient of variation than do their dams. This is also true of the 
daughters of sire B, who ranks second, but the daughters of sires 
C, D, and A who rank third, fourth, and fifth, respectively, in Table 
5, all show a smaller coefficient of variation than do their dams. 
Thus it will be seen that greater or less uniformity of production of a 
sire’s daughters as compared with that of their dams is no indication 
of the sire’s prepotency for producing capacity. 

The smallest variation of production in butterfat in any group of 
daughters is found in the daughters of sire U, that have a standard 
deviation of only 30 pounds butterfat and a coefficient of variation of 
6.68 per cent. Sire U ranks twenty-second in the 23 sires for pre- 
potency, according to Table 5. Sire I’s daughters show the greatest 
variation—standard deviation 170 pounds butterfat—in any group 
of daughters, as well as the greatest increase in coefficient of variation 
as compared with that of their dams. The daughters of sire G show 
the second greatest standard deviation among the groups of daughters, 
with 161 pounds. Sire G ranks eighth among the 23 sires. Neither 
the greatest nor the least variations among the groups of daughters, 
nor the amount of variation among daughters as compared with that 
of their dams, is indicative of the prepotency of the sire in trans- 
mitting producing capacity. This will probably be true as long as 
the sires and dams that are mated are heterozygous in their hereditary 
factors controlling producing capacity. 


TaBLe 7.—Standard deviation and coefficient of variation of butterfat records of 
the daughiers of each of the 28 sires, and of the dams of the daughters; also the 
increase or decrease of coefficient of variation of the daughters of each sire as com- 
pared with that of their dams; and the rankings of the sires as in Table 5 


Daughters Dams Increase or 
decrease in 
Sire coefficient | Rank of 
Standard | Coefficient | Standard | Coefficient of SNCS 
deviation |of variation] deviation |of variation] variation 
Per cent Pounds Per cent 

90. 9 13. 81 85. 0 18. 20 —4, 39 5 

.9 17. 69 80. 6 13. 85 +3. 84 2 

. 8 12. 81 113. 4 17. 50 —4. 69 3 

5. 6 13. 88 128. 9 22. 94 —9. 06 4 

3. 1 13. 15 25. 6 3. 85 +9. 30 1 

tf 19. 03 92.6 14, 22 +4. 81 6 

9 20. 34 110. 5 11. 54 +8. 80 8 

38. 7 10. 42 78.5 13. 84 —3. 42 i 
3 26. 91 62. 7 11. 56 +15. 35 

0 21. 48 PAW Wl 33. 05 —11. 57 11 

4 17. 25 91. 2 16. 63 +0. 62 12 

9.0 15. 88 86. 1 14. 87 +1. 01 10 

.0 8. 98 dant 14. 73 —6. 75 16 

3 12. 57 148. 7 25. 22 —12. 65 13 

. 7 24. 58 142.9 26.3 —1.73 17 

5. 7 17. 98 66.9 12. 70 +5. 28 18 

5.8 16. 35 80. 3 13, 61 +2. 74 14 

i) 11. 90 63. 1 14, 25 —2. 35 20 

.0 12. 09 64.3 12. 00 -++0. 09 21 

374 11, 22 35. 5 5.16 --6. 06 15 

2 6. 68 78. 0 15, 28 —8. 60 22 

5 9. 55 77.7 13. 66 —4, 11 23 

4 14. 39 6L 6 8, 59 -+-5. 80 19 
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PREPOTENCY OF THE SIRE 


The available records do not indicate whether a sire can be com- 
pletely prepotent in raising the production of his daughters, for the 
reason that comparatively few of the tested daughters of the various 
sires have dams that have been tested. Then, too, the lowest- 
producing daughters of a sire may not be tested, for it is doubtful 
whether some breeders would test a low-producing daughter of their 
herd sires. When the dam of a tested daughter does have a record, 
information is not available to show whether the dam’s record was 
made under as favorable conditions as was the daughter’s record. 
Although the information relative to the conditions under which the 
dams and daughters were tested is not available, and it is not known 
whether the poorer-producing daughters of these sires were tested, 
the information contained in Table 8 should be of interest. It 
shows the number of each of the 23 sires’ daughters that increased and 
the number that decreased the yield of milk and butterfat, and the 
percentage of butterfat in the milk as compared with the yields of 
their dams. 


TaBLe 8.—Number of each sire’s tested daughters that increased or decreased the 
milk and butterfat yield and the percentage of butierfat, as compared with their 
dams 


Number - . Percentage of 
of Milk yield buttertat Total butterfat 
. daughters 
Sire or 
tested In- De- In- De- In- De- 
dams creased | creased | creased | creased | creased | creased 
Ads eis e btm ey ees a AS 5 4 1 4 1 4 1 
1B eases Sates it GUC DB Ue en 13 11 2 8 5 11 2 
(OFS APO BS Sts ae 12 10 2 7 5 9 3 
PS) espe ess Simeon Poca eae eee ae 9 7 2) 4 5 8 1 
1 Diss sia pene ale are te a 6 6 0 4 2 6 0 
1a Se ee eee? betes 9 7 2 14 14 ch 2 
(0G ees es aed oe Bit 7 3 4 4 3 5 2 
6 peta 5 pe pate Nae o METS SSe 6 5 1 2 4 5 1 
DS ape Paes Een a Meee aia es 6 4 2 1 5 4 4 
UE Sete aa SL ee a a 20 li 9 115 14 14 6 
TREE TRIAL Din neha coy yaa a aa 6 4 2 6 0 5 gi 
WES ASRS yo eA aS So a 11 9 2 2 9 9 RG) 
INV Teer Ue oe ec ah I 6 4 2 2 4 4 2 
TN] SRR ac ERs SIR BB eg 2 9 5 4 13 15 5 4 
(ORT ES EE 8 x Oa a ER 6 3 3 3 3 4 2 
1 OLR pga (7s 2 Fe ape ged et ae ne ° 6 1 5 5 1 3 3 
(Desi ol 25 ee ee cag a 11 7 4 13 17 8 3 
RES a ae Ne nf RN es 6 3 3 2 4 2 4 
See Te ae gee SS aes 7 3 4 3 4 id, 5 
G ae os Sa ree SE 7 4 3 1 eG} “2. 5 
1 0 estate a OS 2 IN er ncaa aa 7 2 5 1 6 1 6 
WY aes miei h ehcp pS teas 2h 7 1 6 5 2 2 5 
es ee RAL 2 ele Renae Re PR 16 5 il 2 14 2 14 


1 One daughter had same test as dam. 


In Table 8, the second column gives the number of daughters of 
each sire that have yearly records and have dams with yearly records. 
In the column headed ‘ Milk yield” is shown, on the left side, the 
number of daughters that made larger milk yields than their dams, 
and on the right side the number of daughters that made smaller 

ields than their dams. Similar comparisons are given in the columns 
eaded ‘‘Percentage of butterfat’”’ and “‘ Total butterfat.” In the 
column headed ‘Percentage of butterfat,” it will be noted that the 
number of daughters increasing and the number of daughters decréas- 


TRANSMITTING ABILITY OF HOLSTEIN-FRIESIAN SIRES 19 


ing the percentage of fat does not always equal the number of tested 
daughters given in the first column. The difference represents the 
number of daughters that had same test as their dams. 

No sire in this list is completely prepotent; that is, no sire has all 
his tested daughters better than their dams in yield of milk, per- 
centage of butterfat, and yield of butterfat. Sire E is the only one 
that increased the milk and butterfat yield of all his tested daughters 
over the yields of their dams, but only four of his daughters had a 
higher percentage of butterfat than their dams. Several sires in- 
creased the milk yield of a great majority of their daughters. For 
example, one sire increased the milk yield of 4 out of 5 daughters; 
another sire increased the milk yield of 11 out of 13 daughters; 
another 10 out of 12 daughters; another 9 out of 11 daughters; and 
another 7 out of 9 daughters. 

Some sires were also prepotent in decreasing the milk yield; for 
example, one sire decreased the milk yield of 5 out of 6 daughters; 
another, 6 out of 7 daughters; another, 11 out of 16; and another, 
4 out of 7 daughters. 

Four sires were prepotent in influencing the percentage of butterfat 
in the milk of their daughters. One sire’s daughters had higher 
percentages of butterfat than their dams in every case. On the 
other hand, two sires had 6 out of 7 daughters with lower percentages 
of butterfat than their dams, and another sire had 14 out of 16 daugh- 
ters with lower percentages. 

Only nine sires had a majority of their daughters with higher 

ercentages of butterfat than their dams. There were 15 sires that 
over half their daughters with a larger yield of milk than their 
dams, and 16 sires had over half their daughters with a larger yield 
of butterfat than their dams. : 

This study indicates that some sires are capable of increasing in 
the great majority of their daughters both the yield of milk and the 
percentage of butterfat in the milk over that of the dams. Some 
sires may increase the yield of milk in the majority of their daughters 
and decrease the percentage of butterfat. Several sires decreased 
both yield of milk and percentage of butterfat in the milk. Fewer 
sires were prepotent in increasing the percentage of butterfat in 
the milk of their daughters than in increasing the milk yield of 
their daughters. No sire in the list increased both the milk yield 
and the percentage of butterfat in the milk of all his daughters, or 
decreased the milk yield and the butterfat percentage in the milk 
of all his daughters. 


' METHOD OF BREEDING AND RECORD OF DAM AS INDICATIONS OF 
A SIRE’S BREEDING ABILITY 


Table 9 shows the 23 sires listed in the order in which they were 
ranked on the basis of comparative production of milk and butterfat 
of their daughters, as in Table 7. The record of the dam of each 
sire is given first. The next column shows whether the sire was 
inbred, line bred, or outbred; and the last two columns give this 
same information for his sire and his dam. ‘The figures in the last 
three columns refer to the popular expression ‘‘common blood,” 
meaning the percentage of common ancestry that appeared on the 
sire’s and dam’s side of the pedigree in five ancestral generations. 
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TABLE 9.—Methed of breeding of each of 28 sires and records of their dams 


Record of his dam 


Sire How this bull was | How his sire was | How his dam was 
bred bred bred 
Time Milk | Butterfat 
Pounds | Pounds 
1D INO sre COTE | Be teers Ay) pe ea Line bred (28.1 1)____| Line bred (25 1)_____| Line bred (81.2 1). 
7 567. 9 25.04 | Outbred (18.751)-___| Outbred_______- Outbred. 
534.5 22.1 | Line bred (24.37 1)___| Inbred (50 1)________ Line bred (25 }). 
a teen Levene \Line pred (34.371).--| Outbred__._______-- Outbred. 
539. 1 TON 5 el sOutbredi. =) eee Line bred (43.75 1) ___ Do. 
638. 7 24.4 | Inbred (56.24 1)______ Line bred (25 !)_____- Inbred (50 1). 
520. 1 20:2 |"Qutbred==_ aes Outbred__-______.__| Outbred. 
568. 9 2050) 5 | sees 0:22: a Line bred (26.31 1)___ Do. 
707.6 2456, Eee Goee hi Les aS Outbred 5. see f Do. 
480. 3 DASE oes (6 (oes eae SS ee dos ea re een Do. 
535. 4 28.4 x KZ 
Fed aoa al ages | ges Me dow. fame Outbred (18.75 1)__--| Outbred (18.75). 
Kees 8 INO MeCOnG saa ee | See OQutbred==- ae Outbred ssa Outbred. 
INEEALS 7 days_____ 523.7 16.7 | Line bred (28.12)1)L__)_____ Golses Ayes Line bred (48.75 1). 
Qeoes INomeconds| 22 ss ees | Peer ares Outhred 2 seen |e (5 Koa ee a a Outbred. 
pues f days BEERS 469. 2 Tae A Ne (6 VO is lee) Sel Rae COU s e Eee Do. 
BYS#S 25 478.0 19. 2 T: 
Wie {i cane 2 16,679.0 | 2592.5 |svine bred (31.25 beeen do aa Do. 
Ox 22 7 days___._ 437.6 15.87 ; Inbred (65 1)________ Line bred (21.87 1)___| Line bred (25 1). 
d gpa Sea Sead Oras ees 533. 6 ZALOF | LOUtbreds= eames Outbreda ears Outbred. 
Weekes Ee doe ae 24 581.7 22 Inbred (62.49 1)______|_____ G0) See Inbred (75 1). 
Reba =f. d0t 2 A%5 558. 5 2054 5 | \Outbreds- 2-22 2) 3 (GlGh oe ee ds See Outbred. 
Sees een Omens 514. 1 20.3 Outbred: G25 ayes | pea COL are Sa Do. 
Wate: Ped ORE © 437.1 16223 [Outbreds Veee Bee ie ee Coke SPT eM Do 
Uae ig 0 (oe ae 423.7 19.42 | Line bred (81 1)_____|____- CO RE et Do 
1 Per cent common blood. 2 At 11 years 1 month. 


On the basis of the dam’s records one would hardly be able to 
select the best breeding sire from the first group of 10. These rec- 
ords, however, average hivher than the records of the dams of the 10 

oorest sires. The records of the dams of the 10 poorest sires do not 
ollow any more closely the ranking of the sire according to merit 
than is the case with the 10 best sires. 

It is hardly to be expected that the mere fact of an individual, his 
sire, or his dam, being line bred or inbred would cause him to be more 
prepotent than if he were outbred; that is, without any concentra- 
tion of blood lines. In order that the line breeding or inbreeding may 
have a favorable effect on prepotency it would seem necessary that 
the individual which appears more than once in the ancestry be an 
animal of superior breeding ability. It is a common belief, however, 
that the mere fact that a sire is outbred militates against the chances 
of his being prepotent. Three of the five sires heading the list in 
Tables 7 and 9 were line bred, the second and fifth each being out- 
bred. Fourteen of the 23 sires are classed as outbred. Six of the 
first 10 sires are in this class and 6 of the last 10 sires are also classed 
as outbred. 

The pedigree of any individual is only an indication of what the 
transmitting ability of that individual, for milk and butterfat pro- 
duction, may be. Until such time as we have pedigrees in which the 
sires have a sufficient number of tested daughters from tested dams, 
so that their breeding performance can be analyzed, as has been done 
with these 23 sires, predictions can not be made with much certainty 
as to the transmitting ability of any untried individual. When 
animals are produced with pedigrees in which all the sires for several 
generations have ability to transmit, such as sires H, B, and C dis- 
played, then it will be fairly certain that the majority of the bulls 
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bred will be prepotent. It is more difficult to judge the transmitting 
power of the dams, because of their limited number of offspring, and 
also because very often many of the offspring will be by one sire. 
On the other hand, the sire has a considerable number of offspring, 
usually from different dams, so that his transmitting ability can be 
more accurately gauged. 

A sire’s transmitting ability is determined by the chance inherit- 
ance of factors governing production, which he received at the time 
of his conception. SHeald: he by chance have received all his in- 
heritance governing production from some of his ancestry which 
earried only factors for low production, then he will transmit only 
low production to his offspring, regardless of how many high-produc- 
ing ancestors he may have. 

- Once a bull has proved himself to be a poor sire it would seem that 
there is little chance of his transmitting any of the ability of his more 
worthy ancestors. 


WHICH PARENT HAS THE GREATER INFLUENCE ON MILK YIELD, 
BUTTERFAT PERCENTAGE, AND BUTTERFAT YIELD? 


A study was made of the correlation between the daughters and 
their dams, with respect to total yield of butterfat, for each of 23 
sires having 6 or more tested daughters from tested dams. The 
results of this study are shown in Table 10. The correlation coeffi- 
cients range from —0.39 for sire N to + 0.90 for sire P.* 


4 Perhaps a brief explanation of the meaning of correlation should be made before discussing Table 10. 
A correlation coefficient shows to what extent the variation in one character follows or is coordinated with 
the variation in some other character. For example, many are of the opinion that in order to get high 
production in dairy cows we must have large cows’ If this assumption is true, then there should be a 
positive correlation with respect to production and size. If milk and butterfat were produced more eco- 
nomically with small cows then there would be a negative correlation with respect to economical production 
and size. Or, a correlation coefficient may indicate to what degree the same character, such as yield of 
mills be bptieriat, exists between parent and offspring; and that is the thing intended to be determined in 
this table. 

This relation of the yield of milk and butterfat between parent and daughters is expressed as a coefficient. 
if a high yield of milk or fat in the dam is followed by a correspondingly high yield in the daughter, the 
correlation would be perfect and the coefficient would be 1. If, on the other hand, the highest-yielding 
daughters all came from the lowest-yielding dams, and the lowest-yielding daughters all came from the 
highest-yielding dams, then there would be a perfect negative correlation and the coefficient would be —1. 
Again, if there is no relation between the yield of the daughter and the yield of her dam, indicating that 
there is no correlation, then the coefficient would be 0. It is seldom that a perfect correlation is found; 
usually the correlation is between 0 and +1, or between 0 and —1, 

The correlation coefficient is arrived at by a rather complicated mathematical formula. It expresses in 
mathematical terms the extent of the relation which exists between two characters, or the extent to which 
a character is common to two individuals. If the coefficient is low, it indicates that there is very little 
relation; if it is high, there is a close relationship; and if it is so high as to indicate a perfect correlation, 
then it may be said that one is probably the cause of the other. The correlation coefficient when expressed 
in writing is followed by the probable error; that is, the amount to be added to or subtracted from the 
correlation coefficient to get the two limiting figures within which there is an even chance that the true 
value will lie. 

The following rules are suggested in Babcock and Clausen (2) for the interpretation of coefficient of 
correlation: 

1. If r (the coefficient of correlation) is less than the probable error, there is no evidence whatever of 
correlation. 

2. If r is more than six times the size of the probable error, the existence of correlation is a practical 
certainty. 

3. In cases where the probable error is relatively small: 

a. Ifr is less than 0.3, the correlation can not be considered at all marked. 

b. Ifr is above 0.5, there is decided correlation. 
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TABLE 10.—Correlation between daughters of each sire and their dams with respect 
to total yield of butierfat 


Average produc- Aenc 
um 
N : yes Ge GO ateer Eat Standard deviation a 
Sire daugh- between 
ters wel ss daughters 
yearly augh- and dams 
sors ters Dams Daughters Dams 
AE tae seas Pasig el 5 9 ‘ L R 85. 0 +18.1 —0. 09-40. 30 
peek. Se EE 13 i a) - ~ 80. 6 +10. 7 —0. 23-40. 18 
lO) ergata eee ger 12 ; -9 h E 113. 4 +15.6 +-0. 17-0. 19 
9 5 24 fs y 128.9 +20.5 | +0. 60-0. 14 
6 5 By) H } 25.6 5.0 +0. 15-0. 27 
9 5 10 . : 92.6 +14.7 +0. 710. 11 
7 a Bee a 29. 110. 5 +19. 9 +0. 43-40. 21 
6 E .0 s 3. 78.5 +15.3 +0. 48-40. 21 
6 Bye 41. 8 is 5 62.7 +12, 2 |. +0. 47-40. 22 
PEE MEE Ee 20 735. 158. 7 s 217.7 +23.2 ; +0.34+0. 13 
6 . 33 s \s 91.2 +17.8 +0. 6740. 15 
11 623. 6 578. 8 99. 0 +14. 2 86. 1 +12.4 +0. 7140. 10 
6 BRR I) 492.9 47.0 +9, 2 TPA +14. 2 —0. 22-40. 26 
9 607. 2 589. 7 76.3 +12.1 148. 7 +23. 6 —0. 390. 19 
6 556. 3 543.1 136. 7 +26. 6 142.9 +27. 8 -++0. 51-40. 30 
6 §82. 2 525. 8 95. 7 +18. 6 66. 9 +13. 0 +0. 90-0. 05 
11 585. 7 589. 6 95. 8 +13. 8 80.3 +11.5 —0. 15=-0. 20 
6 432.3 442.7 51.5 +10.0 63.1 +12.3 -+0. 66-0. 16 
7 503.8 536. 0 61.0 +11.0 64.3 +11.6 | -+0. 09-40. 25 
7 634. 5 685. 8 71, 2 +12.8 BOwO) =k6. 4 —0. 27-40. 24 
i 452.3 510. 5 30. 2 +5.5 78. 0 +141 —0. 23-40. 24 
7 508. 0 568. 5 48.5 +8. 7 Ute vl +14.0 | +0. 06-40. 25 
16 621.2 693. 5 89. 4 +10. 7 61.6 +7.3 +0. 06-0. 16 


The number of tested daughters that these 23 sires have is rather 
small for the determination of a coefficient of correlation that is 
really indicative. A study of the coefficients of correlation between 
the daughters and their dams indicates that with the daughters of 
three sires there is a marked correlation. ‘These three decided cor- 
relations are between the daughters and their dams of sire L, (+0.71 
+0. 10), sire F (+0.71 +0.11), and sire P (+0.90 40.05). The last 
is the most significant of the three. In Table 2 it may be noted 
how closely both the milk and butterfat yields of the daughters of 
sire P follow those of the dam (from the highest daughter out of the 
highest dam down to the lowest daughter out of the lowest dam). 
The ranking of the records of the dams according to size of record 
does not follow that of the daughters so closely with the other two 
sires, though the similarity of sequence is very apparent. 

The daughters of four other sires show evidence of correlation with 
their dams with respect to yield of butterfat, though the probable 
error is rather high. ‘These four sires are: Sire D (+0.60 +0.14); 
sire H(+0.48 +0. 21): sire K (+0.67 40.15); sire R (+0.66 +0.16). 

A study of the records of the daughters of these bulls and their 
dams indicates somewhat the same general ranking-of the dams’ 
records with reference to size as that of the daughters; for instance, 
with 2 of the 4 sires the lowest-record daughter is out of the lowest- 
record dam, and with 3 of the 4 sires the highest-record daughter is 
out of the highest-record dam. 
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Of the three sires whose daughters have a distinct correlation with 
their dams relative to butterfat yield, all have daughters with a 
greater average yield than their dams, though in the case of the 
daughters of sire P this average increase amounts to only 6.4 pounds, 
whereas the average milk yield of his daughters is somewhat less 
than that of their dams. The four sires whose daughters show 
evidence of correlation have daughters with rather a large average 
increase in both milk and butterfat yield over their dams, excepting 
in the case of sire R, whose daughters show a decrease in butterfat, 
owing to a lower percentage of fat in the milk. With sires whose 
daughters had smaller average yields of butterfat than their dams, 
the daughters show no correlation at all with their dams with respect 
to butterfat yield. 

Does the correlation coefficient indicate the relative influence of 
the parent on the offspring? Does the fact that the daughters of 
sire P show a correlation of +0.90 to their dams in butterfat yield 
indicate that the dams had far greater influence on their producing 
capacity than did sire P? Where there is no significant correlation 
between daughters and dams, meaning that the size of a daughter’s 
record does not have any particular relation to the size of her dam’s 
record, does this indicate that the sire is exerting greater influence 
on the producing capacity of the daughters than are the dams? 
Jf so, what would a marked negative correlation indicate, a case 
where the lowest-producing daughters were from the _highest- 

roducing dams, and the highest-producing daughters from the 
owest-producing dams? ‘The daughters of sire N are the only ones 
showing any significant negative correlation, though the probable 
error is so great as to neutralize its significance. ‘The relative rank 
of the coefficients of correlation of the daughters of each sire to 
their dams in butterfat yield is shown in Table 11, and in comparison 
is shown the relative rank among the 23 sires as given in Table 5. 
The sires are ranked in this table according to the size of the coeffi- 
cient of correlation without regard to the significance of the probable 
error. It should also be remembered that in ranking the sires in 
Table 5 milk yield as well as butterfat yield were considered. 


Tatir 11.—Rank of sires according to coefficient of correlation between daughters 
and dams with respect to butterfat production, and the comparative ranking of 
sires as in Table 5 


| 
Coefficient of yt: Coefficient of J 
+ ' correlation of Rank of A correlation of | Rank of 
Sire ; sires 10 Sire . sires in 
daughters Table 5 || daughters Table 5 
| to dams 4 | to dams 
al ees ——|| S: we 
oe pee 22d +090 | 40.05 18S Wites 3, sds ety eae +0.15 40.27 1 
Meee eee tana wale TUL, 0,11 6 A ce eee ee en +0.09 0. 25 21 
+0. 10 CU} Nii SE po 5 5 Ten .| +-0.06 -+0.16 19 
+40. 15 AG || 1 = SE ae eee ee -| -++0.06 =:0. 25 23 
+0. 16 20" Aaa teat tee Peer tes 624 —0.09 --0.30 5 
+0. 14 4 0) 5 2 SSE aI a _.| —0.15 -£0. 20 14 
0. 30 17 | ee eee ree eNO" SOTO 16 
+0. 21 7 MVREL: RSLs Peers 2 0y 29) ce dod 22 
+0, 22 9 5 SS See SES A ee (9 Hy ee = 0 o} 
-t0. 21 8 || T hae —0.27 -+0. 24 15 
+0. 13 11 || N-- ah. —0.39 £0.19 13 
0.19 | 3 | 
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The sires in Table 11, ranked according to the size of the apparent 
correlation coefficients of their daughters with respect to butterfat 
yields, are divided in Table 12 into the three following groups: 

(1) Eight sires in group, from sire P, coefficient of correlation 
+ 0.90 to sire H, coefficient of correlation + 0.48. 

(2) Eight sires in group, from sire I, ccefficient of correlation 
+ 0.47, to sire V, coefficient of correlation + 0.06. 

(3) Seven sires in group, from sire A, coefficient of correlation 
— 0.09, to sire N, coeteeient of correlation — 0.39. 

In each group, the sires are arranged in the order of their ranks as 
found in Table 5, and with each sire is given the average increase or 
decrease in pounds of butterfat. 


TasLE 12.—Sires divided into three groups according to correlation of daughters 
and dams, showing increase or decrease in butterfat production of daughters (each 
group in order of ranking) 


Group 1 Group 2 Group 3 

Sire Change Sire Change Sire Change 
in butter- in butter- in butter- 

fat pro- fat pro- fat pro- 

Letter Rank | duction Letter Rank | duction Letter Rank | duction 

Pounds Pounds Pounds 
DPS EE 4 SPA Sil ote een 1 ORAS oS eee ees 2 +163. 8 
Bye aa Y 6 =t109:,0) ||| @paa eae eae 3 SBE A || PAvc ce ios eee 5 +191.0 
1G (ee BSS cee 32d a 92) 4aiGee rete ee 8 OB ii|| Ne 22 oe a 13 +17. 5 
ey coe eee: 10 = 44" Sil |\ ek Pies eres acy. 9 91, ON IRQ fom. SN Rees 14 —3.9 
KE pen tie a 12 oy AS dt Sea ac 11 tH GNOM | |i ys eee een 15 —51.3 
OES SA Sh Bs 17 NBD) | Ih Wide en SN 19 = beta ealil Bane cee Sears 16 +30. 6 
Res Sah a 18 =6245)| |S 58 eee 21 Sy AI el De epee ene Salas 22 —58. 2 

iy Beet See 20 cel AO 2 BON a is ste aa eae 23 —60. 5 


In Group 1, where the apparent correlation between daughters and 
dams with respect to butterfat vield is most marked, and where it 
might have been expected that the dams were exerting greater influ- 
ence than the sires on the producing capacity of the daughters, the 
sires are found to be fully as effective in increasing the producing 
capacity of their daughters as are the sires in Group 2, where appar- 
ently little correlation between the daughters and the dams exists, or 
in Group 3, where the correlation between daughters and dams is 
apparently negative. Indeed, some of the best and some of the 
poorest sires are found in each group. 

In this study the fact that the records of the daughters of a sire do 
or do not follow the relative size of the records of their respective dams 
seems to indicate nothing as to the relative infiuence of the sire and 
dams on the daughter’s producing capacity. 
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Taste 13.—Rank of 23 sires according to the average yield of butterfat of their 
daughters, and rank of same sires according to yield of milk of thetr daughters 


Average butterfat yield Average milk yield 
Sire ERE ENEAI TIS oT Sire 

Daughters Dams Daughters Dams 
Pounds Pounds Pounds Pounds 

795.9 697. 2 23, 467. 4 20, 044. 4 

786. 6 647. 9 22, 074. 6 18, 670. 2 

783.9 663. 5 21, 755. 4 18, 854. 1 

760. 3 651.3 2) dol. 3 17, 580. 9 

745.3 581.5 21, 273.8 17, 138.5 

735. 3 658. 7 20, 137. 4 19, 066. 0 

688. 7 562. 4 20,034. 8 18, 912. 1 

659. 4 567. 0 19, 872.9 16, 957. 2 

657. 9 466. 9 19, 575. 7 14, 464.8 

634. 5 685. 8 19, 128. 4 15, 467. 7 

632. 8 541.8 18, 542. 0 18, 811. 4 

623. 6 578. 8 18, 305. 6 15, 978. 0 

622. 2 548. 3 17, 855. 1 18, 880. 6 

621. 2 693. 5 17, 613. 6 17, 249.3 

607. 2 589. 7 17, 418, 4 16, 355. 7 

585. 7 589. 6 16, 822. 9 14, 907. 5 

556. 3 543. 1 15, 676. 6 14, 783. 7 

632. 2 525. 8 15, 584. 6 16, 328. 7 

523. 5 492. 9 15, 454. 4 17, 564. 2 

508. 0 568. 5 14, 825. 2 14, 015.8 

503. 8 536. 0 14, 175. 6 13, 991. 4 

452.3 510. 5 14, 046. 7 14, 666. 0 

432.3 442.7 14, 009. 2 15, 117.9 


The ranking of these sires in the order of average butterfat yield 
does not place them in the same order as when they are ranked 
according to the average milk yield. Table 13 shows that the better- 
producing daughters were on the average out of the better-producing 
dams. ; 

It will be noted that there is a gradual decline in average milk 
yield of the dams in somewhat the same order as that of the daugh- 
ters, though the decline is not uniform. The average production of 
butterfat of the daughters of the 10 sires at the head of the list is 
724 pounds, and the average production of their dams is 618 pounds. 
The average production of the daughters of the 10 sires at the bottom 
of the list is 532 pounds and the average production of their dams 
549 pounds. The same comparison holds with the milk yield, show- 
ing that on the average tke sires at the head of the list were mated 
with better cows than the sires at the bottom of the list, and that 
the dams as well as the sires are contributing to the inheritance that 
determines the producing capacity of the daughters. 

The number of cases, however, in which sires raise or lower the 
production of the great majority ef their daughters (see Table 2) 
regardless of the production of their dams, apparently indicates 
that if the sire is homozygous for the factors that govern high or 
low milk yield he is likely to have more influence on the production 
of a group of daughters than have the dams, because of the proba- 
bility of some or all the dams being heterozygous in their inheritance 
governing production capacity. 

Even in the case of the sire who improves approximately half 
his daughters and lowers the production of the other half, the pro- 
duction of neither the poorer nor the better daughters seems to 
follow very closely that of the dams. Take the case of sire N; 5 of 
his 9 He wslbera are better than their dams and the other 4 are poorer. 
Here there is something of a negative correlation between the 
daughters and their dams with respect to production; that is, his 
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better daughters on the whole are from the lower-producing dams 
and his lower-producing daughters from the higher-producing dams. 
_ In the list of a small number of daughters of a sire, the production 
of the daughters may not follow very closely that of the dams, owing 
perhaps to the sire’s being more homozygous for the factors that 
will govern high-producing ability than the dams with which he is 
mated. But when a large number of daughters and dams are con- 
sidered, the higher-producing daughters will as a rule be found to 
have good dams. This is to be expected, for the high-produemg 
dam is certain to have at least a part, if not all, of her germinal 
factors governing production, those that will determine high pro- 
duction, and she will therefore transmit high production to a part 
or all of her offspring. 

The evidence seems to point to both parents’ contributing equally 
to the inheritance governmg the milk and butterfat producmg 
capacity of their daughters. But if one parent is homozygous or 
pure for the hereditary factors determining high production and the 
other parent is heterozygous in its inheritance, then the homozygous 
parent will have the greater influence on the DE capacity of 
the daughter; yet this daughter will transmit to a part of her progeny 
the inheritance for low production that she may receive from her 
heterozygous parent. From two heterozygous parents, it is to be 
expected that the daughters wili show a great range in producing 
capacity, from very poor to very good. 


THE PERCENTAGE OF BUTTERFAT 


Roberts (3) found a significant negative correlation between the 
percentage of butterfat and the yield of milk for Jerseys, Guernseys, 
and Holsteins, but did not find so significant a correlation for Ayr- 
shires. That is, as the yield of milk increased, the percentage of 
butterfat in the milk decreased. Wilson (4) studying Ayrshire 
records, concluded that the yield of milk and the percentage of 
butterfat were independent of each other. Pearson (5) also found 
a small but significant negative correlation between percentage of 
butterfat and yield of milk. 

The material for the study by Roberts was made up largely of 
advanced-register and register-of-merit records of the various breeds. 
The animals in each breed were classed according to age, and the 
correlation was between the milk yield and the percentage of butter- 
fat for the group of animals in each class. The negative correlation 
was significant for the Jerseys and Guernseys; but the coefficient 
for the Holsteins, when judged by the probable error, was not sig- 
nificant in any of the classes. 

Kyidence on the question whether a bull which has the ability 
to increase the milk yield of his daughters can also increase the per- 
centage of butterfat in the milk, or whether if he increases the milk 
yield he will decrease the percentage of butterfat (as is indicated in 
the results obtained by Roberts with Jersey and Guernsey records), 
is offered in Tables 14 and 15. These tables show that most of the 
sires making the greatest increase in milk yield also increased the 
average percentage of fat very materially, whereas a few sires that 
increased the average milk yield of their daughters decreased the 
percentage of fat. Several sires whose daughters showed an average 
decrease in milk yield also had a decrease in percentage of fat. In 
those cases where the daughters showed the greatest decline in milk 
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yield (see sires S and V), the increase in percentage of fat was very 
small. In the daughters of sire G, the sire showing the greatest 
average increase in percentage of fat, there was an average increase in 
milk, as was also the case with the daughters of sire N, the sire show- 
ing the greatest decrease in percentage of fat. These data show that 
the percentage of fat and the milk yield in Holstein-Friesian cattle 
are inherited independently, and that it is entirely possible for a 
sire to increase both the milk yield and the percentage of butterfat. 


TaBLe 14.—Sires with daughters showing greatest percentage increase in milk 
yield and their percentage increase or decrease in butterfat test 


Average Average _ Average Average 
increase (-++)| inerease (++) increase (++) increase (++) 
or decrease |} or decrease or decrease | or decrease 
Sire (=) in milk (=) of Se (—) in milk) (—) of 
yield o daughters yield of | daughters 
daughters | compared daughters | compared 
compared | with dams compared | with dams 
with dams | in fat test with dams | in fat test 
Per cent Per cent Per cent Per cent 
1.215) le ee ee eee ee =-35. 3 “+45 02m peepee eae ee part ene iat Vy <i) +5.9 +5. 46 
[Sick 2 Le eee eee eee 24.1 3 524i) IVT eae a ee CE ees +5.8 +0. 28 
epee eee she es AS 2 = 23a0 5, SOR Gites cme EE EEL ae +5. 6 +7. 92 
1D eae Se ee 21.4 0s OAS IO Bike ee +2.1 —2. 63 
(Sicnm ec denen Tete aa ieee +18. 2 sre 225 Ole WER ete 2 ne emt sateen +1.3 —3.48 
ret le wen! fa) so Se eee esses ow +17. 2 SOF 60 ie eho Ne err eN CD —1.4 —6. 30 
Pipes wemeneo Sa e ia 17.1 Se ee Mt | iO) --c  a a iae eeeeh —4.2 | —7.47 
iS AS a eae +15.4 SOM) poms. wo eee RRNA E AY —4.6 +5. 90 
pee oe ee ae eee +14.6 = 5 SOBH BW Sec) Sa ON ee a —5.4 —5.18 
pee mea ee +12. 8 BOAR IS Pacee os TN eRe anya ey eee —ie3 +1. 41 
iil ops Sis Gee ee ee +6. 5 Reel: Visa ureen sue ae Te Cede eee ee —12.0 +1. 54 
OL tea ae +6.0 —3. 27 


TasLe 15.—Disiribution of daughters of each sire with respect to corresponding 
increases and decreases in both yield of milk and percentage of butterfat 


Number of daughters 


Yield of Yield of d 
milk in- Yield of milk de- | Yield of 


creased; say creased; | milk de- 

Sire « percent- See percent- | creased; 

Total age 0 percent- age of | percent- 

butterfat age of butterfat age of 

increased Duttertat increased| butterfat 

or left neeransed or left also de- 

un- > un- creased 

changed changed 

Leu eS Soi Sap ge O 5 3 1 1 0 
pee peterten bet) 2 8 5h oso se en ae ee 13 8 3 0 2 
Oo oS ee ER ee ea a a Es 12 5 ik 2 0 
Ug ee pl Saves <a ane th ET TS i ce 9 4 3 1 1 
“hy to bos Se a a ea 6 4 2 0 0 
Lo Bae ee ee eee ee come te 9 3 4 2 0 
“leeo cbs ES ee ee 7 2 1 2 2 
Eire = tre 9p he Sh bce oocned sewed 6 1 4 1 0 
Jiceo. dle.) Se ee ee eee = 6 0 4 1 1 
Clb ee es ee eee 20 8 3 8 1 
Ra ee ee ee ne BE ee ead 6 4 0 2 0 
Lage. Bet SA SS Se Se eee ee 11 ] 8 1 1 
Lo eee mite OIE ee Se ee 6 1 3 1 1 
i en. a a aE ee ie hee ee ee 9 3 2 1 3 
“Cop SL oe ee Se 6 1 2 2 1 
| rh Re Sa ay sdoo nthe 6 0 1 5 0 
Ce ee ee oe eee eee hos 11 2 5 2 2 
Ne aa, See me * 6 1 2 1 2 
So ws Gl ie ee See ee 7 0 3 3 1 
Le ee ee ep ee, 7 1 3 0 3 
CEs 2 a ee ee re ik 0 2 1 4 
SS SS ae Se ey are Sees oa eee ea 7 0 1 5 1 
SL ph Sa ees. ee ee Se 16 0 5 2 9 
PTs 2 noice TS wick it od Tk wi s 198 52 67 4A 85 
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In those daughters where both the milk yield and the percentage of 
butterfat were increased over those of their dams, and in those 
daughters where both the milk yield and the percentage of butterfat 
were lower than those of their dams, there may be said to be evidence 
of a positive correlation between the yield of milk and percentage of 
butterfat. That is, the percentage goes up or down with the yield 
of milk, though whether or not in the same ratio only a correlation 
coefficient would determine. | 

On the other hand, in those daughters whose percentage of butter- 
fat increased, but the milk yield decreased, and in those daughters 
whose percentage of butterfat decreased and the milk yield increased, 
there may be said to be evidence of a negative correlation. That is, 
as the milk yield increases the percentage of butterfat decreases, and 
as the milk yield decreases the percentage of butterfat increases. 

Of the 198 daughters of these 23 sires (Table 15), 52 are better than 
their dams in milk yield and as good in percentage of butterfat ; 67 have 
a larger milk yield and a lower percentage of butterfat than their dams; 
44 have a lower milk yield and either an increased or an equivalent 

ercentage of butterfat as compared with their dams; and 35 have 
a a lower milk yield and a lower percentage of butterfat than their 
dams. This would seem to offer fairly. good evidence that the milk 
yield and the percentage of butterfat are independent in Holstein- 
Friesian cattle, though the total number of daughters inclined toward 
a negative correlation, 111, is somewhat greater than that of those 
inclined toward a positive correlation, 87. The uniform distribution 
of the daughters of each sire in;these several classes would seem to 
indicate that but few of these sires were prepotent in controlling the 
percentage of butterfat. No sire has all his daughters in any one of 
these classes, and only four sires have their daughters in only two 
classes, whereas nine sires have their daughters in all four classes. 

Coefficients of correlation between the daughters of 23 sires and 
their dams, with respect to percentage of butterfat, are given in Table 
16. These indicate the extent to which high or low production in 
the dam is followed by similar production ingthe daughter. The 
correlation coefficients range from —0.39 for sire N to +0.98 for 
sire H. 


TaBLE 16.—Correlation between daughters and dams relative to per cent of butterfat 


‘i Correlaviontot Conte zten of 
NuanBEE aughters to dams Nien daughters to dams 
Sire of ; Sire of SS 
ano ey 
daughters) Qoef- | Probable daughters Coeffi- | Probable 
cient error cient error 
TAU SS Ie ea eee Tee 5 —0. 07 30:3 0)| ie lVigeeee se Sse ue oe 6 +0. 93 +0. 04 
Seis SAL as 13 | +0. 49 20.14 cl INewenee fas Soe ee 9 —0. 39 £0. 19 
CRE Rea Hi 12 -+-0. 34 ORO), 28 a a ee 6 -+0. 65 +0. 16 
iD) ee ts FARR ey as BM 9 +0. 32 1052.0 | ead are BS Se 6 +0. 59 +0. 18 
TOES ae AN i) eS REA eae 2 6 +0. 49 =O 2 | px @ pair TE se 11 +0. 11 +0. 20 
) tb tae a a 9 +0. 75 caleel OSA OIA] Fg ea 6 +0. 94 +0. 03 
Go Ge eae |) seo sl SHO) 28 ete ceeds eee ak racial a +0. 75 +0. 11 
EMEP SSC her Se Oa 6 +0. 98 =O) OL) ese oo Soe 7 +0. 06 +0. 25 
] eS erent ere eheeaern 3 6 +0..47 SEO: 210 Opes a ss REL ee 7 —0. 06 +0. 25 
oS IS ae Ut is eee 20 +0. 15 eS OO ayy NY = 3 Ss ce 7 +0. 79 +0. 09 
Ge res Sahn hap aR 6 +0: 52 cre O PANN NAY So aS a ES Se 16 +0. 56 +0.12 
| ARSE (le eS 11 —0. 001 +0. 20 | 


Because the daughters of most of these sires are so few in number, 
allowance should be made in interpreting the coefficients derived. 
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There is a significant correlation between the daughters and their 
dams with respect to percentage of butterfat in the cases of the fol- 
lowing seven sires (Table 17): 


TasLe 17.—Sires between whose daughters and their dams there is a significant 
correlation 


Sire Correlation | Sire Correlation 
Pie +0.75 -0.10 | IRAN ORR 25 ce BE +0.75 £0.11 
ito ot ee ees mp0 OSes = 0. O12 Vee eae 2a ee Th eee eee +0.79 +0.09 
Ow se hee Se Ss Ser str OGon oO! 167) IN eee re ae eae +0.93 +£0.04 
_ luo ee eee £0. 94 £0. 03 | 


This marked correlation is easily seen when the percentages of 
butterfat of daughter and of dam are placed side by side and ranked 
according to the size of the daughters’ tests, as shown in Table 18 
for the daughters oi sires S, H, and R. 


Taste 18.—Percentage of butterfat of daughters of sires S, H, and R, and their 
dams, showing positive correlation 


Sire Daveh Dams Sire peuet Dams Sire aueh Dams 
= | 
Per cent | Per cent Per cent | Per cent er cent | Percent 
Ras oeee Fee 4.3 Ci eG eee ee a at 75) SAU Sattar ae 3. 40 3. 53 
4.00 3. 88 3. 66 3. 74 3. 31 3. 25 
3. 88 3. 22 3.37 3. 39 3. 23 2 By oe) 
3. 44 3. 37 3. 13 3. 14 3. 20 3. 53 
3. 28 3. 63 3. 04 3. 08 2.79 2. 74 
3. 27 3. 34 3.01 2, 92 2. 61 2. 74 
3.18 3. 24 


These figures show, as does the coeflicient of correlation, that the 
butterfat test of the daughters of these sires follows very closely 
that of their dams. The average percentage of butterfat of the 
daughters was very close to the average percentage of butterfat of 
the dams, with each of these three sires. The average percentage 
of butterfat of the daughters of sires R and H were slightly less than 
the average of the dams, whereas the average for the daughters of 
sire 5 was slightly greater. On the other hand a comparison of tests 
of the daughters of other sires and their dams shows that the test 
of the daughters does not follow that of their dams. The compara- 
tive tests of the daughters of the two sires G and J and their dams, 
shown in Table 19, illustrate this point. 


Tasie 19.—Per cent of butlerfat of daughters of sires G and J and their dams, 
showing no correlation 


Sire Pees Dams | Sire DeED Dams 
Per cent | Perc ent | Per cent | Per cent 

‘c We «2 eee eee eee 4.39 3.83 || Dacontinued), sock -asocsnk 3. 70 3. 58 
4.31 4. 30 3.70 4. 01 
4, 25 3.61 | 3. 66 38. 60 
4, 21 3. 25 3. 61 38. 70 
3. 8) 3. 83 8. 59 3. 29 
3. 43 3, 60 3. 59 3, 29 
3. 32 8. 52 8. 55 8. 55 

ener 8 by ee et 4, 29 8. 42 3.55 3. 33 
4.14 3, 53 3. 48 3. 46 
4.04 3, 46 3. 44 3. 42 
3. 80 3. 61 3.40 8. 46 
3.79 3.45 3. 39 3, 27 
3, 78 3. 59 8. 24 3. 60 
3.77 3, 28 
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The daughters of sire N show stronger indications of a negative 
correlation with respect to percentage of butterfat between daughters 
and dams than the daughters of any other sire. To some extent this 
is also true of his daughters with respect to their milk yield and 
butterfat yield, as stated before. The comparative percentages of 
butterfat of his daughters and their dams are shown in Table 20. 


TaBLe 20.—Percentage of butterfat of daughters of sire N and their dams, indicating 
negate correlation 


‘ Daugh- - Daugh- . Daugh- 
Sire foe Dams Sire rare Dams Sire rere Dams 
Per cent | Per cent Per cent | Per cent Per cent.| Per cent 
Nivesseees 3. 87 32815 || WNG eee se eee 3.75 AS AL ON ce es 3. 40 3. 54 
3. 78 3. 54- 3.71 3. 71 3. 38 4.32 
34 7/ 3.50 3. 48 3. 94 3. 33 4,41 


It will be observed that, in general, the higher-testing daughters 
of sire N come from the lower-testing dams and the lower-testing 
daughters from the higher-testing dams. 


WHICH PARENT HAS THE GREATER INFLUENCE ON THE PERCENTAGE OF 
BUTTERFAT? 


There are a larger number of significant correlation coefficients 
between dams and daughters with respect to percentage of butterfat 
than with respect to fat yield. As explained under fat yield, it is 
doubtful to what extent a significant correlation indicates dependence 
on either parent, because of the lack of homozygosity of the parents 
for yield or percentage of fat. There are other indications than the 
correlation coefficient showing that the dams do centribute to the 
daughters’ inheritance for percentage of fat. A study was made of 
all dams to which these sires were mated that had extremes of per- 
centage of butterfat of 3.3 or below, and 3.8 or above, and the per- 
centage of butterfat of the daughters of the dams in these two classes. 
There were 57 dam-daughter pairs, representing 19 sires, in the class 
for dams having 3.3 per cent butterifat or less. The average per- 
centage of fat for these 57 dams and daughters was 3.155 for the 
dams and 3.314 for their daughters. There were 33 dam-daughter 
pairs representing 13 sires in the class for dams having 3.8 per cent 
or over. The average percentage of fat for these 33 dams and 
daughters was 3.966 for the dams and 3.633 for the daughters. This 
would seem to show that the dams do contribute to the inheritance 
for the percentage of fat of their daughters. It further shows, as 
does Table 15, that the sires also contribute to the inheritance of 
their daughters for percentage of fat. 

The tables giving the production records of the daughters of each ° 
sire and their eae have seemed to show that the daughters’ percent- 
age of fat follows that of the dams fairly closely. This might be due 
to the following reasons: 

(1) There may be less variability in the percentage of fat than in 
the milk yield. 

(2) The inheritance for percentage of fat may be better fixed 
(purer) than is the inheritance for the milk yield. 
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The fact that the percentage of fat and the milk yield are in- 
herited independently, at least within limits, and that both the sire 
and dam contribute to the inheritance of their daughters, governing 
both milk yield and percentage of fat, indicates that improvement in 
yield of butterfat can be brought about by selection for both milk 
yield and percentage of fat. 


SUMMARY 


A study of the transmitting ability for milk yield, percentage of 
butterfat, and butterfat yield, of 23 Holstein-Friesian sires each 
having six or more daughters with yearly records, out of dams with 
yearly records, brought out the following results: 

1. A remarkable variation between the records of the daughters 
of any sire and their dams is evidenced.. Prepotency in a sire is not 
indicated by the size of the coefficient of variability of his daughters. 

2. No sire in the list shows a complete prepotency in raising or 
lowering both the milk yield and the percentage of butterfat of all his 
daughters. Some sires are capable of raising both the milk yield 
and the percentage of butterfat; some raise one and lower the other; 
and some lower both. Not so many sires are prepotent in increasing 
a eee ee of butterfat as are prepotent in increasing the milk 

eld. 
ees The coefficient of correlation for butterfat yield between 
daughters and dams varies widely for the different sires, regardless of 
whether the daughters of the sires are better or poorer than their 
dams. For only three sires is there a marked correlation; one of these 
sires has daughters that made an average increase of some 15 per 
cent in both milk and butterfat production over their dams; another of 
these three sires had daughters that showed an average increase of 
14.6 per cent in milk, but owing to a decrease in percentage of butter- 
fat, there was only about half that average increase in total butterfat; 
the third sire’s daughters varied little from their dams in the produc- 
tion of either milk or butterfat. 

The fact that there is a correlation between the daughters and 
their dams with respect to yield of milk and butterfat does not mean 
that the sire is not prepotent in either raising or lowering the yield. 
It only indicates that where a number of daughters and dams are 
considered, the record of the daughter will be of the same relative 
size as that of her dam, though it may be larger or smaller. For 
instance, if a sire is mated with a cow of 10,000 pounds capacity and 
to another cow of 20,000 pounds capacity, the daughter of the first 
cow is likely to be in the 10,000 class, though she may produce from 
8,000 to 12,000 pounds, depending upon the germinal make-up of the 
sire with reference to milk yield; the daughter from the second cow is 
likely to be in the 20,000-pound class, though she may produce from 
16,000 to 24,000 pounds. 

4. When the records of a large number of daughters are compared 
with the records of their dams there is a limited correlation or a 


tendency for the high-record daughters to come from high-record 
dams. The breeding record of each individual sire indicates, how- 
ever, that a sire may be prepotent in increasing the milk yield and 
decreasing the percentage of butterfat of his daughters as compared 


with the production of their dams, or he may be prepotent in lowering 
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the yield of milk and increasing the percentage of butterfat, or he 
may be prepotent in either raising or lowering both the milk yield 
and the percentage of butterfat. 

This ability of the sire seems to depend upon the combination of 
factors governing the yield of milk and percentage of butterfat that 
he has inherited from his parents. If he is homozygous for dominant 
factors that will determine high milk yield and high percentage of 
butterfat, he will be prepotent in impressing these characters on his 
offspring. If he and the dams he is mated with are heterozygous for | 
these factors, as most sires and dams are, a variety of combinations 
in the different offspring will follow, and they will be of varying 
degrees of producing ability. 

5. The percentage of butterfat and the milk yield seem to be 
inherited independently in Holstein-Friesian cattle. This is contrary 
to the findings of other investigators. The theory generally accepted 
is that, as the milk yield increases, there will be a decrease in the 
percentage of butterfat. Though this study showed that in the 
majority of cases there was a tendency toward a negative correlation, 
there was a sufficient number showing a tendency toward a positive 
correlation to indicate that the two are independent of each other. 
Tt is also shown that it is possible for a sire to increase both the milk 
yield and the percentage of butterfat of his daughters. 

6. A great sire of production is one whose daughters have a high ' 
average yield of milk and butterfat, a high average increase in milk 
and butterfat yield over the yield of their dams, and a high percentage 
of their number better than their dams. All these things must be 
considered. No one of them alone offers sufficient evidence of the 
sire’s worth. The production of each sire’s daughters must be con- 
sidered in comparison with the production of other sires’ daughters. 
Provided a sufficient number of tested daughters are available for 
each sire the ranking system shown in this bulletin seems to indicate 
the comparative merit of the sires in a group. 

7. The production records of the dams of the 10 highest-ranking 
‘sires average higher than the records of the dams of the 10 lowest- 
ranking sires. In neither of these cases, however, does the rank of 
the sire follow the size of the record of his dam. 

8. Six of the 10 highest-ranking sires and 6 of the 10 lowest-ranking 
sires are classed as outbred. This seems to indicate that the mere 
fact that an individual, his sire, or his dam, is line bred, inbred, or 
outbred is not indicative of the prepotency of that individual for 
high production. 
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P-se 5, line immediately below legend eof Fisure 2. For 
"San Carolos" read "san Carlos.!' 


Page &, Fig. 4. After the first sentence the legend should 
read, "Top row shows type of winter cocoons. and bottom 
row “ype of summer cocoons." 

Seem laple 13, sixth column. For @220" read "20." 

Page 24, line 1. For "Figure 3" reed "Figure 9." 


maemo. line S- For “these” read "there. 


Page 55, line 3 from bottom. For "infested" (last word in 
sentence) reed "parasitized." 


Page 38, line 22. For "20 weeks" read "two weeks." 


Page 99, Fig. 15. For "Average number of worms per acre” rea a 
"Average number of worms per boli." 
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INCEPTION AND SCOPE OF THE WORK ! 


Since its introduction into Mexico in 1911 the pink bollworm? 
has established itself firmly in the Laguna district and has made 
its appearance in several less important cotton-growing sections 
in Mexico, as well as at several points in the United States. The 
United States Department of Agriculture began research work on 
the pink bollworm in the Laguna district of Mexico in 1918. The 


in Mexico or elsewhere the pink bollworm as a basis for control measures. ‘This investigation has been 
conducted under the Denidead direction of the chairman of the board and W. D. Hunter, a member of the 
board. In accordance with the policy established by this board with respect to any research work on 
insect pests which it becomes necessary for the board to conduct, the results of this investigation are pre- 
sented as a contribution through and in collaboration with the Bureau of Entomology. ‘The field and 
laboratory work has been under the charge of W. Ohlendorf, assisted at various times by the following 
agents of the Federal Horticultural Board: F. F. Bibby, A. C. Johnson, C. R. Roitsch, R. B. Lattimore, 
J.C. Woodward, W. R. Sudduth, and D. M. Mclachern. 

2 Pectinophora gossypiella Saunders. 

+0. C. Loftin, K. B. McKinney, and W. K. Hanson. Report on investigations of the pink bollworm 
of cotton in Mexico. U.S. Dept. Agr. Bul. 918, 64 pp., illus, 1921. 

4 Specia) thanks are due the Tlahualilo Agricultural & Colonization Company for extending all facili- 
ties that could in any way assist in the research work. To the Testamentaria de Carlos Gonzales also 
thanks are due for many courtesies extended in connection with numerous observations made in fields 
on their properties, as well as to many other planters in the Laguna district who at all times willingly 
cooperated in any investigations made in the district generally. ‘Che Comision Inspectora de Plagas at 
Torreon, charged with the enforcement of the regulations of the Mexican Government relating to the 
Bes bollworm, cooperated in a most satisfactory manner. ‘This commission is under the direction of 

r. R. Ramirez of Mexico City, with Juan Antuna in charge at Torreon. 


60776 —26t——1 


2D BULLETIN 1374, U. S. DEPARTMENT OF AGRICULTURE 


inches. Cotton production is possible only by irrigation, and owing 
to lack of reservoirs the irrigation water which comes from the Nazas 
River must be put on the land whenever the water is available. 
As the greater part of the irrigation water usually arrives in the fall 
and winter, the general practice is to flood the fields (fig. 2) to a 
depth of from 1 to 3 feet at that time of the year. This often rep- 
resents all the water that the following year’s crop receives except 
for what little rain may fall during the growing season. 

The work of 1921 and 1922 supplemented that of 1918 and 1919. . 
As the life history and the habits of the pink bollworm under Laguna | 
conditions were rather thoroughly studied in the previous research 
work, the greater amount of attention during the last two years was 
devoted to studies aimed more directly at control. 


Fic. 1.—Typical Laguna district scenery, showing character of country surrounding the valley 


DISTRIBUTION OF THE PINK BOLLWORM 


Since the report on the 1918 and 1919 work was published, new and 
important records of the occurrence of the pink bollworm in various 
parts of the world have been made. The species is:‘now known to 
occur in India, Palestine, Mesopotamia, Ceylon, Burma, Siam, 
Straits Settlements, China, Japan, Korea, the Philippine and 
Hawaiian Islands, Kast Africa, Zanzibar, Egypt, Sudan, West Africa 
(southern Nigeria, Angola, Sierra Leone), Italian Somaliland, Brazil, 
West Indies, and Mexico, and in Texas, New Mexico, and Louisiana 
in the United States. 

The occurrence of the insect in the West Indies is of special interest. 
It was first reported from Montserrat and St. Kitts in November, 
1920. Later it was reported from Anguilla, St. Croix, and Porto 
Rico. In July, 1921, it was reported to occur throughout the Lee- 
ward and British Virgin Islands, but not south of Montserrat. 

In the United States, progress has been madein the eradication of the 
insect. There has been no recurrence of the two infestations in 
Louisiana for two years. The infestation at Hearne, Tex., has not 
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reappeared since 1917. In 1922 there was no recurrence in the 
large Trinity Bay area, where all or parts of seven counties were found 
infested in 1917. 

In extreme western Texas and New Mexico, conditions have pre- 
vented any attempt toward eradication. The infestation is being 
controlled, however, by quarantines, the disinfection of all cotton- 
seed, and other means, so that it is still at a low ebb and the danger 
of spread from this area to other parts of the country has been mini- 
mized. 

DISTRIBUTION IN MEXICO 


A new infestation has been found in Mexico, at Monclova in the 
State of Coahuila. The previously known infestations in Mexico 
were the entire Laguna district, Santa Rosalia, State of Chihuahua, 


Fic. 2.—Distant view of cotton plantation in the Laguna district, showing flooded fields. 


San Carolos, approximately 40 miles west of Eagle Pass, Tex., 
Allende and Santa Monica in the State of Coahuila, about 40 miles 
from the nearest point on the Rio Grande, and several points in the 
Rio Grande Valley opposite Presidio County, Tex., and El Paso 
County, Tex. 

The Mexican records to which reference has been made deal only 
with infestations in growing cotton. The insect is constantly being 
brought to the border towns in Mexico in cottonseed scattered in 
freight cars, and living specimens are frequently found under such 
conditions by the inspectors of the Federal Horticultural Board. 


HABITS 
POSITION OF EGGS ON THE PLANT 


According to observations made by Loftin ° on plants growing in 
the field in the Laguna, 51.7 per cent of the eggs of the pink bollworm 
are deposited on the green bolls, the remainder on other parts of the 


'U. ©, Loftin, K. B. McKinney, and W. K. Hanson. Op. cit. 
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plant. Willcocks ® on the other hand reports only 12 per cent of the 
total eggs deposited on the bolls in Egypt, stating, however, that these 
data are based on too few records. No doubt the percentage of eggs 
deposited on different parts of the plant depends to a great extent on 
the state of growth of the plant and the ratio of bolls to foliage. 

In the summer of 1921 observations were made on plants growing 
in the field to determine the number of larve reaching the bolls 
from eggs deposited on parts of the plant other than the bolls. These 
tests were begun August 20. Three sets of plants, two plants per 
set, were selected, and all bolls then on the plants were removed. 
Thus the bolls as well as the larve considered in the experiment were 
produced after the experiment began. After a sufficient number of 
bolls were set, no more were allowed to form. Every two days all 
eggs were removed from the bolls on one plant in each set. The 
other plant served as a check. On September 14 all the bolls were 
removed from the plants and examined for larve and exit holes. 

The results of this test are given in Table 1. 


TaBLeE 1.—Infestation of green bolls from which all pink bollworm eggs had been 
removed and of bolls on check plants 


Number of larvee 


Total and exit holes 
Number | Number | number | Per boll— Percent- 
Plant No. nollie ofeggs | of larve age dif- 
removed | and exit ference 


holes Test Check 


i ee Pee ee aL DE ae ah a 19 1, 326 104 547 |e 2.3 
2. SESS Na OS Bes SE 15 ih ee ea 5560 |ewaanas 
bs Pe 0 op PRD LIN hy CEU a ed eens RA NE De ae ena 18 722 111 6:17.) 225s 26.5 
fA eS eso A Be Re St eae soe De et 1 1 Wag Ei is at coat ea eo 
By EE Se ere UREN Sp A Sees OA Ss a eo ee Nae Pe 11 TAL 51 4. 64, |eeaioe aes 52.0 
Gee RS en 2 eh eee 1 TG) ees OSG ike Sees 

Average per boll: 28 se Je Se A TN | ec ws wate 5. 54 7.80 28.9 


1 Bolls on check plants not included. 


The most striking points about these results are the great number 
of eggs removed per boll and the comparatively little reduction (28.9 
per cent) in infestation brought about thereby. The proportion of 
eggs deposited in other places than on the bolls is likely to have been 
higher in the case of these plants than is normal, because of the limit- 
ing of the number of bolls that grew on them. Considering, however, 
Loftin’s 7 figures (51.7 per cent), first referred to, it would ee 
that even with only an equal chance for the larve hatching from 
eggs on the bolls to enter the bolls, the infestation should be reduced 
by at least 50 per cent by the removal of all eggs from the bolls. 

From these observations it must be assumed either that the 
position of the egg on the plant has little to do with the ability of 
the young larva finally to enter the bolls, or that in this particular 
experiment, with such a number of eggs present, many of them were 
so near the bolls that the young larve hatching from them were in 
almost as favorable a position as those hatching from eggs on the 


8F. C. Willcocks. The insect and related pests of Egypt. Volume I. The insect and related pests 
injurious to the cotton plant. Part I. The pink bollworm. 335 pp., illus. Cairo. 1916. (Sultanic 


Agr. Soc.) , 
7U. C. Loftin, K. B. McKinney, and W. K. Hanson. Op. cit. 
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_bollitself. The great excess of the number of eggs on the bolls above 
the number of larve in the bolls shows that the failure of many young 
larve to enter the bolls must be assigned to causes other than distance 
from the bolls at time of hatching. 

The favorite position of the eggs on the bolls is between the wall 
of the boll and the calyx. A cluster of eggs in this characteristic 
position is shown on the calyx of the boll in Figure 3. 


ENTRANCE OF THE YOUNG LARVA INTO THE BOLL 


The entrance hole made by the young larva into the boll is very 
small but quite distinguishable. Numbers of these punctures are 
shown on the boll in Figure 3. The young larva seems to show no 


Fic. 3.—Work of pink bollworm on cotton boll. At left: Cotton boll showing entrance holes of 
young pink bollworm Jarve and cluster of eggs on calyx. At right: Carpel showing characteristic 
tunneling by young larve under inner surface of wall before entering lock 


particular preference as to where it attempts to enter the boll. Some 
counts were made on October 11 and 14, 1921, to determine whether 
any appreciable number of larve enter the boll at points covered by 
the calyx. The results are shown in Table 2. 


TaBrLe 2.—Punctures by the pink bollsporm Ries the calyx and at other points on 
the bol 


Number of entrance holes— 
Percent- 


age 
under 
Per boll calyx 


Num- 

ber of Ld Mi | 

bolls | nder Above | m 
calyx calyx Potal 


1,95 


| 
89 | 113 6,678 | 5,781 | 65 
| 
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The great number of punctures counted on the bolls is very striking. 
These particular bolls were not examined further to determine the 
number of larve inside, but three field examinations made on October 
5, 18, and 20, respectively, gave an average of 5.64 larve and exit 
holes per boll. So it may be assumed that the infestation of the bolls 
on which Table 2 is based was somewhere near this figure. 

In some cases the young larva goes directly through the entire wall 
of the boll and into the lock of cotton inside. In this case the point 
where it passed through the inner wall is only slightly raised and may 
be somewhat colored. Very frequently, after passing through the 
greater part of the wall of the boll, it tunnels for some distance just 
underneath the inner surface of the wall. In this case the tunnel 
usually extends until either the suture or the partition wall is reached, 
at which point the larva then enters the lock. This tunneling occurs 
more commonly in nearly mature bolls, where the inner wall is 
harder. Some of these types of entrances are shown in Figure 3. 


ISSUANCE OF FULLY DEVELOPED LARV4 FROM BOLLS 


In the fall of 1922, a test was conducted in the laboratory to 
determine the time of the day mature larve leave the green bolls. 
Fifty green bolls were placed in a screen-bottom tray, with a trap 
underneath to catch any emerging larve. All larvee were removed 
from the trap each day at 8 a.m. andat8 p.m. Of 172 larve taken 
out of the trap from September 29 to October 17, 160 were removed 
in the afternoon and 12 in the morning. According to this, the 
larvee, at least under laboratory conditions, prefer to leave the bolls 
during the daytime. 


TRANSFORMATION AND HIBERNATION OF THE PINK BOLLWORM IN THE SOIL 
PUPATION DURING SUMMER 


In the Laguna district the pink bollworm passes the pupa stage 
during the summer in shed blooms and bolls, under or attached to 
leaves on the surface of the soil, and in the soil. Rarely are pupe 
found in bolls on the stalks. None were ever found in green bolls. 
One hundred and seventy-four open bolls on stalks examined during 
the period from July 7 to November 28, 1921, showed neither pupze 
nor pupal cases, but a total of 358 larve and exit holes. The last 
figure, Dowienen does not represent the total infestation, since larve 
issuing from the bolls after opening do not as a rule cut exit holes 
through the wall. Open bolls on stalks during the latter part of 
November and in December, 1922, averaged about 8 pup and pupal 
cases per hundred. 


VARIATIONS IN NUMBERS IN THE SOIL 


A considerable number of field examinations were made during 
1921 and 1922 in a study of the transformation of the pink bollworm 
in the soil. In making these examinations, samples of soil, usually 
1 square yard to the depth of 6 inches, were taken from heavily 
infested cotton fields and the number of pink bollworms in each 
sample determined. The square yard was laid off so as to have a 
row of cotton running through its middle. The soil was first sifted 
through a sieve of which the mesh was too small to allow the passage 
of pink bollworms. The coarse remaining material was taken to the 
laboratory and washed through other sieves, leaving finally only 
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particles of plant material and other coarse matter, which was 
allowed to dry and was then examined. In examinations where 
forms on the plants and on the surface of the soil were considered, 
only those forms on the same square yard as that in which the soil 
sample was taken were included. 
Table 3 gives a record of the number of pupz found in and attached 
to forms on the surface of the soil, and in the soil. The totals, 34 
and 136, show that the larva prefers to enter the soil for pupation. 


TABLE 3.—Pup2 of pink bollworm (live and dead) found per square yard in forms 
and plant material on the surface of the soil and in the soil 


On the In the 
Date surface soil 

2 7 

29 96 

2 28 

1 iit 

0 0 

0 2 

0 2 

34 136 


DEPTH TO WHICH LARVZ ENTER SOIL 


Larve often enter the soil to a depth of 6 inches, but the majority 
are found within the first 2 inches. ih a number of soil examinations 
made in 1921 cotton fields, the soil was taken up in three 2-inch layers. 
A record of these examinations is given in Table 4. As will be noted, 
70.6 per cent of all stages are found in the first 2 inches, 21.3 per cent 
in the second 2 inches, and 8.1 per cent in the third 2 inches. 


Tasie 4.—Total larve, pupe, and pupal cases found per square yard at different 
depths in the soil 


Date First 2 | Second 2} Third 2 

inehes inches inches 
101 23 3 
65 33 es 
50 20 10 
41 2 0 
15 4 0 
19 9 0 

1922 

raR ER ees ee oe 8 iy ee ee I ee ae 25 3 3 
Pepe a as oS , Uy 16 0 5 
Soe we te 8 eRe Se Re eg el eee en Se ea eRe A 7 8 1 
RE Sy ce oe in lanai mm oo eT eck 339 102 39 
hercenvare O1totalll sees toe ce abe cau bil!) ee ese ee ese 70. 6 21.3 8.1 


Both larve and pups are found more abundantly in the soil im- 
mediately under the plants than in that between the rows. ‘This is 
shown by the results of some of the soil examinations made in 1921 
cotton fields, in which each square yard taken as a sample was divided 
into two areas. The first area consisted of a strip immediately under 
the plants, 1 foot wide and 3 feet long, running lengthwise with the 
row, and the second, 2 strips of the same size as the first and on either 
side of it. The inner area was thus only half as large as the outer. 
Table 5 shows the results of these examinations, 67.1 per cent of the 
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stages being found immediately under the plants and only 32.9 per 
cent between the rows. 


TABLE 5.—Total larve, pupz, and pupal cases found in the soil immediately under 
the row and between the rows 


Under | Between 
Date / the row | the rows 
: 1921 
BAT, 11.0 Renee ep RE A EE OE Se Se ee ct ee te eg NS a ema 60 55 
BOD bis OSs eh ANS ake is eee i NS eee Pile ky a Ble S Doe 69 11 
EN NN a es EO URS SAA CR SR, A eee ER OA AG oes 18 6 
Octal B se SUNG ea 2 ie Mane Sloe ee Ee ha a AN Nel ek NE Be op Sl ait Sau 33 10 
Ag ht SSE RENN BN Bo ape RE A ea scl eV eS ce ee a 9 10 
1922 
INU ICS) rs jee eet as oy Se ae een ke ea eM Ra ls Ae ae es SAO pa go ey IR eat ae es RIN 18 1 
ep ey oe a ee ie ote pe eS et MR ni eas rat Been 28 16 
DD Yo ye ciee pe ere Abe Ia 9 eM De ROD eS 5 PSN 8 A 1 ae aU tg PL 27 19 
BT) (ae ra i i Serre Ne oe aap eee eta A epee Te aspen oo pin OU RNC eae 6 4 
51D) 0) Sees ee = ee as Lee Re CNRS STE Tel ies PENS Ree ee eae el! er 2 aa Sane eee 13 6 
EA GY ape Ls 2 tig kel Ae at at A a a Ah oer ee ee aR ON oe en 281 138 
PercenGace: Of: BO tals ye — Seees OE eeae ee eg i BO El ee 2 ie a tome 67.1 32.9 


RESTING-STAGE LARVZ IN THE SOIL 


Not only does the larva of the pink bollworm, in the Laguna dis- 
trict, go to the soil-during the summer for transformation into the 


Fig. 4.—Cocoons spun by the pink bollworm in the soil. Top row shows type of summer cocoons and 
bottom row type of winter cocoons 


adult, but to a certain extent it also passes the winter there in the 
resting stage. The summer larva, after entering the soil, spins a 
light oblong cocoon in which it pupates. Later, in the fall, some 
cocoons of a much heavier texture and more spherical in form are 
noticed in the soil (fig. 4). In these the larve are found in the same 
characteristic curled-up position that they assume on passing the 
winter in double seeds. Observations have shown that when dis- 
turbed, unless it is unusually cold, the larva readily leaves this cocoon. 

In Tables 6 and 7 are given the results of all the soil examinations 
made in 1921 and 1922 cotton fields. The maximum number of 
living stages found at any time is shown in the second examination of 
1921 when a total of 83 living larve and pupz were found in 1 square 
yard of soil. This sample was taken from a heavily infested field of 
very large cotton on loose sandy soil. 
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TABLE 6.—Soil examinations for pink bollworms, 1921 cotton fields 


Living stages found in soil 


ieee eis 
- arvee upa. 
Date examined ania BASES 
Pups pups 
1921 
GRELRY 2 — SS Se ee ee eee a 1 1 9 0 
ARSENE, Gh) I Oa a 1| 74 24 15 
TOL See Se eee ae Oe 1 | 5 20 85 
SO. (bo 2 Be eae ees Mies SEP eae 1} ma 24 5 
CA 2s Se ES Se eee Pe te Ag 1 0 5 7 
UG UG. . SS ee ae ee eye oo 1] 0 0 41 
PALE si gine D Saas SUA LRA DESL Bhs AEG 1| 0 2 12 
Lys 2S eee ey Bee See ere eer ee See 1 0 3 2 
EDU TC 2 2 yaaa Ee ee a ee a 1 - 0 4 13 
1922 
cittite (3b SAS ey eT i ee eee Pee Cee arya e 1 0 6 10 
2 a pe RI ERG 1 0 2 9 
Thgje),, Get Ne Te en aa ed RAR TESS il | 0 5 5 
ree ere ee Ee ne 1 0 4 6 10 
eye ate dil ee Stale ae BAS See 1 0 9 4 3 
WULir,, il, oN Se eee ee oe ee ee ee 4 0 8. 25 33 4 
a eee ee eS es 5 0 16.6 49 6 
JAF Lo. 3 SS Se ee eee 5 0 8.6 18 il 
LAGS? Le Se eee 5 0 8.4 20 0 
Bs pip ta an rt cr ars a teen 5 0 4.4 21 1 
Pee penne BNNs 5 0 3h) 12 1 
a Tcap hee ee ae eR ies 5 0 1.8 13 2 
Ue ye Sept BEE Sn Ae 5 3 1 8 5 
Aye WD Se ep eo ie eg ee ie ee 5 0 0 0 1 
May. Lock Lee) Wes eee 5 0 0 1 0 
PATI EEE eae aed ea dig IE ly 5 0 0 1 1 


1 This examination and all subsequent ones, except that on Mar. 23, include some samples from plats 


cultivated in March and April, 1922. 


TABLE 7.—Soil examinations for pink bollworms, 1922 cotton fields 


Date examined 


gil. 14 oe, 5 ap ES eae > SPP ee St ee 


SSp ime e ne ee ee ae et SO 


OFAK. | as S85 ee ee eee eee ae ey 
LSE eas (7a ee nae ts APY aaa 


60776—267 


2 


Living stages found in soil 


Pups 


crarnararS, | | ws 


OA raararaaawaacaaan 


SOWCSCSCORNOWHMHHES 


Cooorrooronwncocoeoso 


— 


hewn 
Se a SHG SSIES EBL) IEC REI 


AOLPODMNOMONAaMNsI 


ll dl ed old 


_ 
PNA VLOMPOMANAS 


_ 
SOS nw efron rowmwmnwnne 


oa 


ao 


Dead 
larvee 
and 
pups 


Pupal 
cases 


a 
COOPNOOCREOWHOF 


‘10 
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It will be noted that the records for 1921 fields show no living 
pupz at any time during the period from September 25, 1921, to 
June 12, 1922, inclusive. This would indicate that any larve that 
enter the soil after about the middle of September prepare to hiber- 
nate. No doubt some pupe were killed by the sifting and washing; 
but, if any number of living pupez had been present, some certainly 
would have been found, considering that during this period 44 square 
yards of soil were examined and 358 living larve found. Some of 
the larve that hibernated in the soil must have pupated long before 
the time of the first record of living pupex, June 26, 1922. The 
records for 1922 show living pupe in samples of soil as late as October 
23, and again on December 13. In fact, there are indications that 

upation occurred throughout the winter, and living pupx were 
ound on February 7 and 21. In another experiment a living pupa 
was found in a cocoon in the soil on January 22, 1923. The con- 
sistent finding of a rather large number of pupal cases throughout 
December, January, and February, shown in Table 7, also points to 
some pupation throughout this period. 


Fic. 5.—Bolls placed on surface of soil to determine extent to which larvze will leave these bolls and 
enter soil for hibernation 


NUMBERS OF STAGES IN SOIL AND IN BOLLS ON SURFACE OF SOIL AND ON STALKS 
DURING WINTER COMPARED 


An experiment was begun at the end of November, 1922, to deter- 
mine the relative importance of soil, bolls on the surface of the soil, 
and bolls on stalks as hibernating. quarters for the pink bollworm. 
Although this experiment has not been completed and so does not 
show the results at the end of the hibernating period, it indicates the 
extent to which the pink bollworm enters the soil for hibernation 
under the different conditions. Bolls were collected from standing 
stalks in the field at the end of November. These were divided into 
lots of 100 bolls each. One lot examined on November 28 showed 
the extent to which the bolls were infested then. On the following 
day 15 lots were placed on the surface of the soil in the garden (fig. 5), 
where there had been no cotton and consequently no larve in the soil. 
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The bolls were placed in a single layer and the lots widely enough 
separated from one another to allow ample room for the examination 
of 1 square yard of soil with each lot of bolls. Then, at first weekly 
and later biweekly examinations of one lot of bolls and the square 
yard of soil underneath, to the depth of 6 inches, were made, with 
results as given in Table 8. 


TaBLe 8.—Entrance of pink bollworm larve from bolls on the surface of the soil 
into sowl for hibernation 


| Found in bolls Found in soi! 
Date i ln € 2 — Larve and pups— 
ate examined | arve and pups. apel ar pup Bape 
| Living | Dead caer taiving “a beads lees ces 
1922 | 
YD ific Es Us 5 se ae See ea 228 13 pe ee pepeetn ca esta a 
(SG) Dee Pelee he ee ee ee a | 162 12 3 23 1 0 
iL. 3. Se ee eee aes 152 35 6 9 0 0 
TL Sk ier ROS RE I Os eS 144 14 1 14 1 0 
Wai.) SUS Gees Sere es Seeders: eee | 125 25 0 29 3 0 
1923 | 
LEST te tee ei elle Sak Al A ER a 143 16 iL 12 0 0 
Zc). - 2s PE SS a eee eee 120 49 0 30 if 0 
EG) Bs eS i a a ean | 76 30 3 14 2 0 
imermretege Tee CM ETS) aii: | 65 43 1 21 5 0 
Lvs Bip Se a eee | 2 30 255 1 22 1 0 
He lmemeon neers Wed IO ss | 19 60 6 32 4 0 
LSjtyrs SWISS SESE S| goes 24s Boe ae ee | 5 43 3 9 3 0 
| 94.6 34. 7 2. 3} 19.5 2.0 0 
ANTE RES aco er ee a 5 
| 131.6 21.5 


1 This represents examination of bolls at start of experiment, as a check, and is not included in averages. 
# Only 97 bolls in this examination. 

The procedure followed in the experiment with bolls or stalks 
(Table 9) was the same as that in the experiment just described, 
except that instead of placing the bolls on the surface of the soil 
they were supported on stakes above the ground in such a way as 
to represent the same conditions that they would be under were they 
still on the stalks in the field. These bolls were set out on December 
2 and 4 and examinations were made biweekly. 


TaBLE 9.—Enitrance of pink bollworm larve from bolls on stalks into the soil for - 


hibernation 
| Found in bolls Found in soil 
| So di = = — An 
Date examined Larvee and pu | Larve and pupr— 
| = dil Sepals | part een se Pupal 
|. Caving |feead )) SPPPSo) Miving’ | * Dead’ -| 7.63805 
oa = astro = \- i es aie a 
1922 | 
| 228 | 13 fg) pe AE Si ee TP ae am SEE? et eee 
227 | 20 | 12 4 1 | 0 
279 7 5 3 0 0) 
| 
CEO UY Deg DS es ea eee ea 285 | 9 6 2 0 0 
Li saa NEP Dil RS 232 13 5 7 0 0 
UR pee RES pape ill ans a A 248 17 1 6 2 0 
We Pete? 6ST tS ge pelt ots). 133 22 4 | Ant nest in soil (no larvee) 
216 es. SN. a TS Seer Renee ae 130 | 15 3 1 ney 0 
Mar. 13... 136 24 4 0 0) 0 
1 OI PEA REE ie EEE ON 131 48 | 3 3 0) 0 
BN at a a kon SP 129 29 | 2 2 | ] 0 
93 20. 5 3.1 | re oes 
AvVGrages..2:..0--552.-2 ey gdh Cet iee os { aa 4.5 3. 1 3, i 6 | 0 
1 This represents an examination of bolls at the start of the experiment, as a check, and is not included 


in the averages. 
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A very sudden decrease in the number of living larve after the end 
of January without a compensating increase in the number of dead 
larvee is noted in both Tables 8 and 9. Few pupal cases were found 
in any of the bolls, so this does not explain the disappearance of the 
larvee; neither was there any increase in numbers found in the soil. 
On January 30 the first rain, 0.34 inch, fell since the experiment was 
started. This may have caused many larve to leave the bolls; 
but, owing to the condition of the soil immediately after the rain, 
they did not enter the soil readily. Many of them were probably 
destroyed by birds or crawled beyond the area of soil that was 
examined. 

Tables 8 and 9 indicate that very few larve left the bolls on the 
stalks to go to the soil. With the larve in the bolls placed on the 
surface of the soil the proportion leaving the bolls was much greater. 
As shown in Table 8, most of this entrance of larve from the bolls 
into the soil must have taken place shortly after the bolls were placed 
on the soil. The first examination, six days after the bolls were 
placed, showed as many larve in the soil as the average for all the 
examinations. That this may have been due to the heat of the sun 
is Indicated by the experiment about to be described. 


EFFECT OF EXPOSURE TO SUN ON ENTRANCE INTO SOIL 


On December 11, 1922, 100 bolls were placed on the surface of the 
soil in each of two boxes filled with soil. One of these boxes was 
kept in the shade and the other in the sun, both outdoors. Every 
week the soil was taken from each box and carefully examined for 
pink bollworms. Fresh soil was then put into the boxes and the 
same bolls replaced on the surface thereof. The results of this test 
are shown in Table 10. 


TaBLE 10.—Number of larve leaving 100 bolls on the surface of the soil in the shade 
and in sun, and entering the soil 


Number oflarve in || Number of larve in 
the soil the soil 
Date examined | Date examined 
In the Inthe | | Inthe | Inthe 
shade sun | shade sun 
IDOCHISE: a ineineret balan hacekaet: 0 DAllReb nob a5! soa ae eae 0 4 
Cie: Sse eee Coe 0 Gil ehars 00 8 22 oe er H 0 1 
J RTO Se a ee 0 3 5 ee a Ep ee ee 0 0 
CoS og path EAE ce 0 0 1! ae neti Bre inca yale Ne cut 0 0 
janie a: eens aoe 0 | 0 (7 eRe tea a aed leit CE 0 0 
PASE SS NIA ACRES DS EWR 0 ON PAI 3:2 2220 eee Eee ee 0 | 0 
DY ie te Sec Fh faa aot or 0 1 LS ery peepee alee | 0 0 
MED 2 Dune 2A eee Ok eT 0 | 2 
PAL ie ee eh 82 0 1 Total-ctee tess ee 0 21 
1h en? ee? See ee 0) 1 


The total of 21 larve found to have entered the soil from the bolls 
in the sun, with none from the bolls in the shade, shows clearly the 
effect of exposure to the sun. Below (Table 11) is given a record of 
the precipitation and the maximum daily temperature reached at the 
surface of the soil during the time these experiments were conducted, 
as well as the maximum daily air temperature. 
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TasBLeE 11.—Precipitation and maximum daily temperatures of the air and the sur- 
face of the soil. 


Maximum Maximum 
| daily i 
| temperatures temperatures 
(oe Stee ee WP recipi~ AS ee, SSID Re OT 
Date tation || Date | tation 
Surface | Surface 
| Air of the Air of the 
soil soil 
| 
or al inches CIN Inches 
116 0 120 0 
119 0 123 0 
116 0 122 0 
124 0 128 0 
120 | 0 127 0. 34 
ee sens 0 125 0 
mgd T Ea 2 0 130 0. 21 
2h ee roe | 0 Sees 0 
ee ee | 0 Seren Be 0.15 


oO 


THE PRACTICAL IMPORTANCE OF HIBERNATION IN THE SOIL 


In a series of experiments reported in Department Bulletin 918,8 
it was found that the survival of the larve in the soil is greatly de- 
creased as the amount of moisture increases. In nonirrigated plots 
it was found that 12.8 per cent of the larvee were alive or had emerged 
as moths during May and June, whereas in several irrigated plots 
no larve whatever survived the winter. It was also found that in 
Mexico the infestation of the season generally starts from material, 
such as old bolls, left on the surface of the ground. These facts show 
the reason for the effectiveness of the clean-up measures followed in 
the United States, where all of the possibly infested material on the 
surface of the soil is removed and burned and such infestation as 
remains in the soil dies out on account of the heavy winter rains. 


LONGEVITY OF RESTING LARVA 


Studies to determine the longevity of the resting larve were 
carried on during 1921 and 1922. On March 8, 1921, several thousand 
heavily infested, open bolls were gathered from standing stalks of 
the 1920 crop. These bolls were stored in a box in the laboratory, 
and monthly examinations were made to determine the mortality 
of the larve. In the latter part of the same month several thousand 
double seed were collected from a large quantity of 1920 seed stored 
in an oil mill at Gomez Palacio, Durango. These were placed in a 
cloth bag and stored with a quantity of other seed in a sack in the 
laboratory. Monthly examinations were also made of these seed. 

The results of these studies are given in Table 12. 


*U. C. Loftin, K. B. McKinney, and W. K. Hanson. Op. cit. 
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TaBLE 12.—Longevity of resting pink bollworm larve 


Bolls of 1920 crop Double seed of 1920 crop 
Date examined Niaciben Number} Dead P Number | Dead 
: of living larva ana| Fer cent | Number | or tiving lary Per cent 
examined] °j.rye,| pups | living |examined| Tan cae Ake eet living 
1921 
IMiarch ees ees 100 109 15 |' 87.90 100 29 | 68 29. 89 
TN oye eset ess he | 100 48 21 69. 56 100 | 28 58 32. 56 
Maylebe Sa. Maes. 100 55 25 68. 75 100 14 73 16. 09 
TNO se AS ee aE | 100 52 41 55. 91 100 4 87 4.39 
Tiily ee eerie ke ae 100 28 46| 37.84 100 3 89 3, 26 
IRE A 2 ey ee 100 9 64 12. 33 100 | 0 86 0 
September --_-------- 100 2 14 12. 50 200 0 196 0 
October) 22 feiss =.=. 100 2 39 4, 88 1, 000 1 818 12 
November ----------- 100 4 64 5. 88 975 0 750 0 
December--_-- ip ey uae 100 il 57 DUB Pubes BLES Pec Rs es SE ae 
1922 

Apibeiny—. Sse seeces 100 4 73 bit 0 Ih Moree ey BOCES prev ee oO 
INepruanyeeee ee 300 1 143 +69) |e ss seS te Sse OS Se eee |e 
(Marcha 2 oven see Ss 100 1] 50 1596) eee ss ete |S a Se a 
ARO EAL a's, oA AEDS 600 0 55a 2. 0 [logs se SLE TEE 0 le 
INGA Yon eres 700 0 481 2s Be ee | a eee 
Wikesavontpben Woman? oe oe 1634 months. | Maximum longevity _____ 11144 months. 


She ae larva was placed in a pill box. It pupated and a perfectly developed moth emerged on Apr. 10, 
Some of the larve in the bolls survived longer than those in the 
seeds. The larvee in both lots of material were attacked by mites, 
which probably reduced the maximum longevity considerably. In 
obtaining the figure for maximum longevity given at the foot of the 
table, the date of the first killing frost in 1920 was used as the starting 
oint. 
: Table 13 gives the results of the examination of bolls and seed of 
the 1921 crop. ‘The bolls were gathered in the field on November 11, 
1921, and stored on the veranda of the laboratory in sacks. The 
seed came from cotton picked on November 1 and ginned November 
4, 1921. Part of this was stored in sacks in a warehouse, and was 
examined later as a whole. Other parts were stored over winter in a 
seed house and in a railroad car, and in the spring the double seed 
were picked out and stored in glass jars in the laboratory. 


TABLE 13.—Longevity of resting pink bollworm larve 


Bolls of 1921 crop Seed of 1921 crop 
: Dead Dead 
Date examined | Number Nuraber larvee | Per cent | Quantity, ere larve | Per cent 
examined | °y.0vp>| and living /examined 075° | and | living 
pupez pup 
1921 f Ounces 
INovemberess2o22---= 100 296 8 CP Bars puree a ES 
1922 
15 51 6 BOL47 |e ob223 82 See AN Oe ees 
30 39 14 COvO8ils wotceosen eal caek: | eae ee eee 
100 93 59 GIS | Sake eee ee ee ae 
95 29 71 29 8 6 94 6 
67 2 97 2. 02 Go| 2 99 1. 98 
60 116 0 1.6 1 218 . 46 
140 1 299 33 6.5 1 99 1 
October === 135 1 352 - 28 2.0 i 3, 608 03 
INOVvembereonennses == 175 1 403 -25 25.5 1 3, 382 03 
December------------ 449 1 836 - 12 14 1 2, 000 05 
1923 
Ae valbehay oo ee 700 1 1, 366 07 a 1 1, 057 09 
Hebruary.- 22222225 1, 100 1 2, 945 . 03 58 1 10, 564 . 009 
Miarchise.= 2 ee 1, 200 1 3, 184 - 03 9 0 1, 658 


Notr.—The first four lots of seed examined consisted of both single and double seeds; the remaining lots 
consisted entirely of double seeds. 
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Bolls of the 1921 crop are still available at the present writing 
(April, 1923), so Table 13 is incomplete, but the records now indicate 
a longevity of over 16 months. 


DAMAGE CAUSED BY THE PINK BOLLWORM 
DAMAGE TO IMMATURE FORMS 


As pointed out by Loftin,® the young pink bollworm often enters 
a square and reaches maturity therein without causing shedding, 
and the larva may develop to maturity in the bloom without causing 
abnormal development of the boll. Just what amount of damage 
the pink bollworm does by feeding on the immature forms on the 
cotton plant is difficult to determine, owing to the usual heavy natural 
shed of forms at about the same time that the pink bollworm becomes 
very numerous. Under conditions prevailing in the Laguna district 
during 1921 and 1922, the damage done to squares, blooms, and very 
young bolls early in the season certainly was entirely negligible 
This point is brought out in Figure 6, in which it will be noted that 
the rapid fruiting early in the season quickly outstrips the multiplica- 
tion of the pink bollworm in the blooms. 

Under normal climatic and cultural conditions in this district the 
fruiting of the cotton is very rapid, once it has well begun. Then a 
vee is reached at which, owing to lack of moisture, all young forms 

egin to shed off. Later the cotton makes a second growth, which 
may be very little, or very considerable in case the field receives spring 
or early summer irrigation. This is illustrated in Figure 6, in which 
all records after August 21 represent counts in irrigated fields only. 

The results of observations on the relation of shedding to infestation 
made in a field at Tlahualilo during 1922 are given in Table 14. 
These observations were discontinued early on account of the appear- 
ance of the leafworm. The table shows the number of forms on 100 
plants on the dates indicated, the number of shed forms found under 
these plants at the same time, and the percentage of these shed 
forms that were infested. The field in which these observations 
were made was cultivated on July 18 and irrigated on July 20. On the 
27th it was again cultivated. Many of the shed forms were therefore 
either covered up or floated away, which made the figure for shed 
forms on July 29 unusually low, and not representative of the entire 
shed since July 14. 


TasLe 14.—Relation of shedding of immature forms from cotton plants to pink 
bollworm attack, Tlahualilo, 1922 


[Number of forms on and under 100 plants] 


| Forms on plants Shed forms 
| a : CRITE 
| Percent- 
Date Squares age 

Bolls and Total acne 

blooms pink 
° | bollworm 
” mae al ae wi A ee Le 
NO Ae re Sy a Sto he ee betce ey - «ace ee on 1, 586 712 834 8.5 
53, (23 Geet. de ies ee ei rae eee 904. 49 488 2.5 
a aces. JIL Se eat t Pet et oS cd ddd won See aed 947 11 182 4.5 

A SEE See. Be ae eee ee Soka . 1, 008 127 10 0 
tenes ea tet Aa te een bddapwdnencnn = MD ady ee 1,038 | 932 12 83.3 
a as ee oe Re ee Ty ee ys Se 1, 162 1,319 36 61.3 
Re ee Ne eee eer der bie minnow re 2) aries oe ot 1s oisfedhs on ate 212 | 69.8 


9U. ©. Loftin, K. B. McKinney, and W. K. Hanson, Op. cit. 
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The data in this table are shown graphically in Figure 7. In the 
graph the figures of Table 14 are reduced to number of forms per 
plant. A fourth line in the graph shows the development of the 
infestation in mature green bolls on the plants during the same 
period of time. A great decrease occurred in the number of forms 
on the plants between the middle and the end of July. Reference 
to Table 14 shows that this was due to both shedding and absence 
of new fruiting. Following the irrigation, however, there was a 
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FIG. 6.—Daily average number. of total blooms and blooms infested with the pink bollworm 
per acre, 1921 and 1922 records 


great increase in fruiting, and shedding practically ceased for a 
time. 

The early infestation (fig. 7) was so light that, even if it caused 
shedding, this could have had no appreciable effect on the total 
shed, which was very great at that time. During the period of the 
second growth a much greater part of the shed forms was infested. 
Comparing this, however, with the infestation of blooms on the 
plants (fig. 6), ‘it will be noted that an e ually high percentage 
of the blooms on the plants was infested. This indicates that even 
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at that time little of the shedding of the young forms could be attrib- 
-uted to the pink bollworm. 

An experiment was conducted in another field in 1922, in which 
both infested and uninfested freshly opened blooms were tagged and 
kept under observation to determine the final percentage of the 
forming bolls that was shed. Two kinds of infested blooms were 
considered, those that on the day of opening contained mature larvee 
and those that contained immature larve. ‘The blooms were tagged 
on July 19 and 20. In Table 15 are given the results of this test. 
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Fic. 7.—Relation of the infestation of immature forms on the cotton plant to shedding 
Tapsuie 15.—Boll shed due to infestation of the bloom 
Per cent 
< Number 
Kind of bloom of "polls 
Phe tagged BAe 
MUTI O d ese 9h ee Pees io 2) ee eee eee a ede 200 61 
PTPeROCATTITINGTITG LATY PO) 1. o0- os sobbe enc manna ~~ = deepened dasa h neem sees 200 93.1 
MIONECRL Giattite 1ar0sd) foil 0 2k sl ee eka kee ceed a ane Artgoe se 200 93. 74 


The only difference noted during the experiment between the 
shedding of the bolls of the two kinds of infested blooms was that 
those of the last group in the table were shed sooner than those of 
the second group. The average of the last two (93.42 per cent) 
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shows an increase of 32.42 per cent in shedding of bolls of the infested 
blooms above that of the uninfested. 

This does not seem to check with the data on which Figure 7 is 
based. In that case, as has been pointed out, the percentage of 
infested blooms on the plants (fig. 6) is equally as great as the per- 
centage of infested fallen forms (fig. 7). These data, however, do 
not offer a basis for direct comparison. In the first place, the ex- - 
periments were carried out in two different fields in which the rate 
of natural shed may have been quite different at the time. Then 
again, Figure 7 represents all shed forms, not indicating what propor- 
tion of them were blooms. And, lastly, it is possible that the feeding 
of the larva in the bloom may cause bolls to shed even though the 
larva does not touch the young boll itself, in which case an examina- 
tion of the shed boll only, after the bloom has dropped off, would 
not reveal the fact that its shedding was due to the pink bollworm. 
The figure, 32.42 per cent increase in the shedding of the bolls of 
infested blooms, or an increase of 53.1 per cent above that of the 
uninfested blooms, compares with Loftin’s figures *° of a difference 
of 26.8 per cent in shed due to the pink bollworm, or an increase in 
shedding of bolls of infested blooms of 65.7 per cent above that of 
bolls of uninfested blooms. 


DAMAGE TO MATURE BOLLS 


The damage done by the pink bollworm to bolls that reach maturity 
has been separated into damage to picked cotton and cotton render- 
ed unpickable. The latter is the cotton which is left in the field 
by the pickers, because it is too greatly damaged to be worth picking. 


DAMAGE TO PICKED COTTON 


In 1921 a number of samples of cotton were picked from different 
fields and experimental plats to obtain samples of lint and seed and 
to determine the extent to which they were damaged. These 
samples were obtained by selecting average stalks and picking all 
pickable bolls from each of these stalks. One hundred bolls were 
picked for each sample. To obtain a check sample, a number of 
locks corresponding to 100 bolls and apparently not injured by the 
pink bollworm were selected, and picked lock by lock. All of these 
samples were then ginned on a 10-saw hand gin. The damage to 
the seed was determined by examination at Tlahualilo. After 
repeated disinfection, the lint samples were sent to the Bureau of 
Markets at Washington for classification and testing. 


DAMAGE TO SEED 


From the seed of every one of the above samples a certain volume, 
averaging about 1,000 seed, was taken. These samples were carefully 
_examined, the damaged seed was separated from the sound seed, each 
part was counted and weighed, and from these figures the damage was ~ 
calculated, expressed as percentage of reduction in weight of the 
samples due to pink bollworm feeding. This method should give 
approximately the damage to the seed of the picked cotton. The 
results of this calculation are given in the column under “ Percentage 
reduction in weight” in Table 16. This gives the loss in quantity 
of seed only. There was in addition a loss in quality, but what this 
amounted to was not determined. 


10 U. C. Loftin, K. B. MeKinney, and W. K. Hanson. Op. c't. 
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As will be noted, none of the check samples were entirely free 
from pink bollworm damage, the average percentage reduction in 
weight of seed of these samples being 0.83 of 1 per cent. ‘This was 
due to the difficulty of determining from outside appearances that 
locks of cotton actually contained seed that had been damaged by 
the pink bollworm. ‘The average percentage reduction in weight 
of the seed (4.7 per cent) would appear rather low. This was to be 
expected, however, as all the samples were of the first and only 
picking in the fields from which they were taken, no second crop of 
any consequence having been produced in these fields. This fact 
should also be taken into consideration in connection with the data 
on damage to the lint. 

DAMAGE TO LINT 


In Table 16 are given the results of tests of the lint samples sub- 
mitted to the Bureau of Markets. 

The first four headings under ‘‘Lint’’ come under ‘‘quality,”’ 
whereas the ‘‘percentage of lint’’ shows the effect of the pmk boll- 
worm on the quantity of lint. There is more difference in the case 
of the unirrigated than in the irrigated cotton. The 1.7 per cent dif- 
ference, however, is not the entire reduction in quantity of lint. It 
is based on the actual weight of the seed, and this had been reduced 
by the pink bollworm. Comparing with the calculated production 
of lint in the check samples, there is a reduction of the quantity of 
lint in the samples of average pick of 5.9 per cent. As in the case of 
the seed samples, however, the lint samples were possibly too small 
to be considered as accurately giving the lint turnout. This is indi- 
cated by the rather wide variations found in some of the samples. 
The averages given must therefore be considered only as approxi- 


mations. 
NONPICKABLE COTTON 


In the foregoing discussion “‘nonpickable cotton” was referred to as 
representing part of the total damage done by the pink bollworm to 
the crop of bolls that actually reach maturity. Nonpickable cotton 
(fig. 8) is the open cotton left in the fields after the crop has been 
harvested on account of being too severely damaged by the pink 
bollworm to be picked. It is expressed as a percentage of the total 
crop matured and can be determined fairly accurately. In deter- 
mining the percentage of nonpickable cotton, several representative 
points were selected in each field, and in 1921 counts were made of 
all bolls, both picked and unpicked, on a certain number of plants 
and the number of unpicked locks in these bolls, and in 1922 counts 
were made of a certain number of bolls both picked and unpicked on 
consecutive plants and the number of unpicked locks in these. The 
total bolls and the unpicked locks were then reduced to the same 
basis, using for the number of locks per boll a figure either arbitrarily 
set or determined by actual boll examinations in the fields in which 
counts were made. (In 1921 the first method was followed, the 
figure used being 4.5 locks per boll; in 1922, using the second method, 
an average of 4.43 locks per boll was obtained.) From these figures 
the percentage represented by the unpicked locks is calculated. 

In Table 17 are given the percentages of nonpickable cotton sep- 
arately for the irrigated and unirrigated fields for both 1921 and 
1922 and for ‘‘zoca”’ (volunteer cotton) for 1922, based on counts 
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made in a number of representative plantations in the Laguna. 
In 1921 the counts were made in November and the first part of 
December. In 1922 the counts in the unirrigated fields were made in 


fiG. 8.--Characteristic pink bollworm damage, showing type of bolls classed as ‘‘nonpickable’’ 


the latter part of September and the first part of October and those 
in the irrigated fields during the latter part of November. A frost 
on October 30, 1921, killed all the cotton and consequently no green 
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bolls had to be taken into consideration in the counts that year. 
Frost in 1922, however, did not occur till December 19, and at the 
time the counts were made that season many nearly mature green 
bolls were still on the plants. These bolls were recorded at the same 
time the counts were made, and in this way the figure for ‘‘ Percentage 
of crop open”’ was obtained. ‘The percentage of nonpickable cotton, 
however, is based on open bolls only. Had the counts been post- 

oned until after the frost, the amount of nonpicakble cotton would 

ave been greater, for many of the green bolls would have had time 
to open, and they were all heavily infested. This would not have 
been comparable with 1921, on account of the lateness of frost. As 
it was, the results for irrigated cotton are more nearly comparable 
for the two years, since those in 1922 were made not very long after 
the time of the year when frost occurred in 1921. The extremely 
low figure for the unirrigated cotton in 1922 can be partly explained 
by the earliness of the counts. Had these been made at the end of 
October the percentage nonpickable would have more nearly ap- 
proached that of the unirrigated fields in 1921. 


TABLE 17.—Nonpickable cotton, Laguna district, 1921 and 1922 


| 1922 
| Percentage non- 
| pickable, 1921 


Irrigated ‘‘planta”’ Unirrigated ‘‘planta’’ ““Zoca”” 
Plantation | eee - pee Poe 
NC ae Per- |centage| yiajq | Per- |centage|} yigjq | Per- |centage| yiorg 
Irri- | Unirri-| cent- | of open Gates cent- | of open helen. cent- | of open ales. 
| gated | gated age | cotton per age | cotton per age cotton per 
| cotton | cotton | of crop| non- nce of crop} non- SOD of crop | non- ae 
| open | pick- Open | pick- open | pick- 
| able able able 


97.7| 1599|  .79| 946| 3.94) .65| 71.3 | 17.56 03 
Average| 162| 9.4| 874| 10.56] ~.87| 87.5/- 276). .61| 73.9'| 10.59 .07 
| | ‘ 


1 Zoca fields. ‘‘Planta’”’ is planted cotton; ‘‘zoca,’’ volunteer cotton. 
Average nonpickable, all classes, 1921, 12.8 per cent: 1922, 7.97 per cent. 


The great variations shown in the nonpickable cotton on different 
ranches are due to several things and will be taken up later. One 
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_ point of note is the effect an infestation by the boll weevil has on the 
percentage of nonpickable cotton. This insect severely damaged 
several fields in 1921. When the attack occurs reasonably early and 
the weevil becomes abundant, it destroys the greater part of the late 
crop, allowing very few late bolls to remain on the plant. Then we 
haye a condition represented by a short early oop only slightly 
damaged by the pink bollworm and very little nonpickable cotton on 
account of the lack of late bolls. This occurred in the case of planta- 
tion No. 19 in 1921, where the percentage nonpickable in the unirri- 
gated field is twice as great as in the urrigated. 


RELATION OF THE AMOUNT OF NONPICKABLE COTTON TO TOTAL DAMAGE 


A seasonal variation in the ratio of nonpickable cotton to total 
‘damage may be looked for, because in seasons of high prices for the 
staple it will be picked cleaner than when low prices prevail. This 
variation was illustrated in 1921 and 1922. The infestation on the 
Tlahualilo plantation, as shown in Table 18, was equally as high in 
1922 as it was in 1921, but the percentage of nonpickable cotton on 
this plantation (No. 31), as shown in Table 17, was 16.1 for 1921 
and 9.96 for 1922 (taking the average of the irrigated and‘ unirri- 
gated fields). About the only explanation for this great difference 
is that the cotton was more closely picked in the latter season, a 
greater percentage of the severely damaged cotton being eee 
and less ‘“‘nonpickable”’ cotton left in the field. The price of picking 
at the end of the season and the price of low-grade cotton apparently 
substantiate this theory. The lowest grade of cotton (good ordinary) 
sold for 10 cents per pound during the 1921 season and for 15 cents 
per pound (Mexico City prices) during the 1922 season. At the 
same time the highest price paid for picking at the end of the season 
was 4 cents per kilo in 1921 and 6 cents per kilo in 1922. In this 
connection is presented Figure 9 to show the relation between non- 
pickable cotton and the price of cotton. 


TABLE 18.—Progress of infestation of green bolls, Tlahualilo plantation, 1921 and 
1922 


| 
| Percentage of bolls | Number of worms 
infested \ per boll 
Month Week adel (aE 2) | CA Ned eB Berta Et a 
1921 1922 1921 1922 
STE C) Ee ae ere Sere | Phird. aos.) -2 eee ae eee ees OE AGWN RAEN ee a 0. 22 
eR Curt hws. 222. een 1 | REY Teo ees . 08 
DU TEs SS oe ee eS ea ee Witst22:2-3---< Sate ee | eee OLD ea ee ee 06 
Secondiss-2<-.-.- eee eee 17 4.9 0.19 . 06 
Phirds-tc. 2) ae eee 29 16.3 . 45 23 
Fourth. <)5--.~- see es 32.1 15.8 . 48 20 
LSI 21 Seip SS le el a i ie ee Mirst2.2.-2<2.~--- eee nen 34.3 27.6 54 87 
Second i5-2-2s:-2.sgeeeeeeaes 43.7 31,1 72 48 
Phird. 2.2 .2-2<-5 pee 68. 3 59.0 1, 57 1,05 
Fourth 87.9 84, 1 2. 46 2. 47 
Rifth..2..2.1..---sseeeee eee 96. 4 99. 3 3. 42 5.13 
LULL oe aie ea oe a Wiest. 22 ---------ne ees 95. 5 99. 9 4.03 6. 48 
Second!:_-....--.semeesae se. 99,1 100 4, 36 7.15 
Third_ 99.3 100 5, 25 7.16 
Pourth.J2222-2-.) eee 100 100 5. 82 6.13 
ORAL cid oe OF 5, ook 2 oa oo A LO] epee | eee 100 100 5, 84 8. 57 
Second. 100 100 6, 98 7,48 
Third. . 100 100 4,05 5, 87 
MOUrt. c-<n- n= - ~ eee eee | see cael 1 E00 a tS eR 4. 97 
PROV ELNDED) p28 voce ech du ate wee Birstsi22-scs_ ~~ eee ale Ler 3324) Cp ON ees DEBE Bi 4, 42 
Sdcond._-.2..---. ganas | ee ae ES LOO oceans eu 3.16 
PDO OS onan ae «2 a ee “a Cpa ae ee LOUD | Saeeeee ele 5, 26 
WOUIth:.~ 2. .--- «mee lesen were e LOU in eee ert ere 5. 62 
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In Figure 3 the upper curve represents the percentage of non- 
pickable cotton on the Tlahualilo plantation for the seasons from 
1919 * to 1922, inclusive, and the lower curve the average price of 
‘‘good ordinary” cotton on the Houston, Tex., market during the 
last three months of the years from 1918 to 1922, inclusive. 


TOTAL DAMAGE 


For an estimate of the total damage, considering matured bolls 
only, these are data, other than those showing the percentage of 
nonpickable cotton, only in the case of the test of seed and lint sam- 
ples from fields on the Tlahualilo plantation in 1921. Referring to 
Table 16, there is a reduction in the weight of the seed of 4.7 per cent. 
In the absence of definite data, let the damage to the lint be con- 
sidered the same. Figures in Table 17 indicate an average loss in 


ae . 
Caan eee ae 
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Fic. 9.—The relation between the price of gotten and the amount of ‘‘nonpickable”’ cotton left in 
the fie 


1921 on this plantation (No. 31) of 16.1 per cent in the form of 
nonpickable cotton. This leaves 83.9 per cent representing the crop 
picked; 4.7 per cent of this gives the damage to picked cotton. 
amounting to 3.9 per cent of the total matured crop, which added to 
16.1 gives a total average damage of 20 per cent. In 1921, however, 
only approximately one-third of the cotton at Tlahualilo received 
summer irrigation. So a weighted average on this basis, but not 
considering acreages in individual fields, would give the nonpickable 
cotton as 14.5 per cent of the total crop, the damage to the picked 
cotton as 3.9 per cent, and a total damage of 18.4 per cent. 

The total loss for 1922 can not be calculated on the above basis, 
because, as was pointed out before, the figures for the percentage of 
nonpickable cotton for the two seasons are evidently not comparable. 


il The figures for nonpickable cotton for 1919 and 1920 are from Loftin (Dept. Bul. 918 and a subsequent 
unpublished report by him). : 
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In November and December of 1921, Schutz and Haskell of the 
Bureau of Markets and Crop Estimates of the United States Depart- 
ment of Agriculture made a survey of the Laguna district, to obtain 
data on the economic phases of the pink bollworm situation. By the 
use of questionnaires they obtained from plantation owners and 
managers data on the average loss due to the pink bollworm. From 
a total of 143 estimates of the losses during the period ftom 1915 
to 1921, inclusive, they obtained an average yearly loss rec#rd of 23.4 
per cent of the crop. Their averages were 22.4 per cert for 1921 
and 30.4 per cent for 1920, based on 39 and 36 estimates, respectively. 


CONDITIONS AFFECTING DAMAGE 
SUMMER IRRIGATION 


Cotton in the Laguna district which receives summer irrigation is 
usually more severely damaged by the pink bollworm than unirri- 
gated cotton. ‘The irrigation causes later fruiting, and this late crop 
becomes subject to attack at the time of the season when the pink 
bollworm is most abundant. Table 19 shows the progress of the 
infestation in irrigated and unirrigated fields in both 1921 and 1922. 


TaBLE 19.—Average number of worms per green boll in irrigated and unirrigated 
fi . 


elds 
| ij ; 
| 1921 | 1922 
Date ae || Date SE 
. nirri- || . nirri- 
Irrigated! gated | Irrigated gated 
| I 
UTTLiy GS ee 0.33 0. 57 | Tuney 27 te ee Ree 0. 14 0. 03 
Sie” Pie eee hee ee a SPHl . 45 [BR pit a keh eal eel yl he Ee ee 18 02 
aah 2 ee 43 - 30 |; So Se emer cap ae BP ee, 238 11 
ieee eee 1, 22 2. 34 | Dee ee er eee ee ee . 36 14 
a ee 1.81 Qi 27 || SANTO Ree AP ess ae ae aon . 60 27 
eae ein Se es ene 2. 81 3. 63 || 1 re tao et da 1.85 | 77 
Biivir, Ap eee 4,37 4.08 |) ee ON aa Nee Ne Dane TO 5. 05 2, 95 
LL eee eee 3. 92 3.54 | Septae ht aee ine es eerste 6. 87 4, 55 
Wid. 5 ee Dead 5. 20 1 NG hee ea eet AA Lae a Lino | eee tes 
eS Se eae 6. 36 6. 16 D2 D228 eR ES SES AAO oa sseee 
WVCTALE Sti aoe 2. 69 2, 85 AVECLALOLS ec aole se see 193 1.10 
if 
1 Dates of irrigation: 1921, July 24; 1922, July 11. 2 Not included in average. 


According to these records the unirrigated cotton in the first part 
of the season of 1921 was a little more severely infested than the 
irrigated, but the condition became reversed in the latter part of the 
season, with a smaller percentage difference. In 1922 the irrigated 
cotton showed a heavier infestation throughout the season. 

A few plantations in the Laguna have wells which supply summer 
irrigation water. ‘Their irrigation practices differ from nae on other 
plantations in that less water is applied in the fall and winter flood- 
ings and several irrigations are given during the summer. Planta- 
tions Nos. 16 and 27 in Table 17 are irrigated in this manner. An 
unusually low figure for the nonpickable cotton on plantation No. 27 
is shown in 1921 and 1922. ‘The figure for plantation No. 16 for 
1922, however, is not unusually low. Possibly the low damage on 
the former was due to early maturity of the crops as a whole caused 
by timely irrigations, which prevented the usually very definite sepa- 
ration between the first and second crops found in fields that receive 
late irrigation of river water. 


60776—26+——-4 
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DISTANCE FROM COTTON FIELDS OF PREVIOUS YEAR 


On the Tlahualilo plantation a system of rotation is practiced in 
which cotton is not planted on the same land two consecutive seasons. 
In addition a zoning system has been instituted providing the planting 
of cotton in fields more or less distant from cotton fields of the previous 
year. Studies were conducted in 1921 on the influence that distance 
from source of infestation has upon the damage caused by the pink 
bollworm. Kegular boll examinations were made throughout the 
season in four selected fields on the Tlahualilo property, located at 
different distances from 1920 cotton fields. Data on this experiment 
are given in Table 20. The four fields are hardly comparable in one 
group, as fields Nos. 1 and 2 were west of old cotton fields and Nos. 
3 and 4 were north. But field No. 1 is comparable with No. 2 and 
No. 3 with No. 4. Only a slight advantage is shown for the more 
distant fields. 


TaBLE 20.—Pink bollworm infestation in 1921 fields located different distances from 


1920 fields 
[Worms per boll] 
| j 
Field1 | Field 2 | Field3 | Field 4 
Date (1,000 | (2,750 (3,500 | (6,250 
meters)! | meters)! | meters)! | meters)! 
| 

UM CQO EE eet See ead a Ce oenicee tc a ee eae 20. 06 2°0.:09)~ 22 2. 2 ee eee 
gens Jae ORR Lee ee ESCs Se re eG Deh Ae ee ee 01 . 015 0.075 | 0. 02 
Villy Saceee Be Ae eee ee Se ee . 008 024 | . 037 | . 002 
SPEIRS ee sated Sale eee HERA ea Se Seer.) Se . 038 . 006 05 | 026 

Cpa at Er ee tes SE ONE a eee eS eee 47 . 08 42 | 23 

eM ND a od TIN Se Se A It ee Ie 44 15 45 35 

AUT MD yo Mia hs Ms EG Nee eR ROR DS = her tS = Po . 54 37 60 61 
TADS hs 8 ol laa ele caylee Sea Aa Ad eo eee 1.74 . 80 1.07 1.12 

DB he lal hs Shoe LN Sia TS eee TS RI es oe a ee oe 2 ees 1.74 1. 69 
26 Hee ERR RE SS AO Sh ES Se eye ee eed 2. 84 3615 2/2 eee 
Sern tee ea ae a Ee ee INR ooh IE OA] a 2 eh Oe © eee a 3.55 4 3. 32 
OBIE A eae a a UE ETN Ae 2a Ro TH! Sie eee a 6. 02 4750) /EES ae eeen eee 

156 = SUS Cee Ba Rete RA RE aE NE Se Ee io ere \o 51489 ena 
ANOr ages = a0 5 le OS eres es Se eee cL) eee 1.35 TOT 5 | Saat eee 

1 Distance from 1920 fields. 2 Not inciuded in average. 


In Table 21 the results of nonpickable cotton counts made in 1921 
at 47 different points in unirrigated fields on the Tlahualilo property 
are presented with reference to the distance of these points from 1920 
cotton fields. 


TABLE 21.—Percentage of nonpickable cotton, 1921, in unirrigated fields, with ref- 
erence to distance from 1920 cotton fields 


| 


Distance from 1920 Percentage of cotton 


Num- fields (meters) | nonpickable 
ber of | 
points | | | 
Average Range | Average | Range 
34 | 680 250-1, 500 | 11:5 | 3 to 32 
13 | 4,730 | 2, 750-6, 250 | 10.6 | 7tol6 
| 


Here again only a slight advantage is shown in favor of the more 
distant fields. Comparisons of individual fields in each group bear 


s 
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_ this out also. The field in the first group that showed a damage of 
32 per cent and another that showed only 3 per cent were both 250 
meters from the 1920 fields. Loftin made some counts on this plan- 
tation in 1920, and some of his most heavily damaged fields were 
near fields that showed little damage in 1921. 

A relatively heavy infestation was frequently noticed at the edge 
of a field. This would indicate either migration from a near-by field 
or possibly greater concentration of moths at the edge of the field 
on the side toward which flight directed them. The more or less 
simultaneous beginning of the infestation in different parts of large 
fields, noted at Tlahualilo in 1921, must be attributed either to a 
rather general flight of the moths first emerging in the spring or in- 
effectual fumigation of planting seed. As long as such possibilities 
remain, the data on distribution of the infestation can not be con- 
sidered solely with reference to fields of the previous year or seed 
storehouses as sources of infestation. : 


VOLUNTEER COTTON (zOCA) 


Under favorable conditions in the Laguna district, volunteer cotton 
sprouts from stalks of the previous year to such an extent that a 
considerable crop has often been produced on such fields. This 
cotton is commonly called ‘‘zoca”’ and its destruction in the spring 
has in recent years been required by the Mexican Government in its 
program of pink bollworm control. On account of the extreme 
shortage of irrigation water in the fall and winter of 1921, the growth 
and cultivation of zoca was permitted in 1922 in order to offset to 
some extent the small acreage that could be planted. 

The influence which zoca has on the damage of the pink bollworm 
to planted cotton probably depends greatly on seasonal conditions. 
With early zoca and late-planted cotton, early food is furnished the 
worm, and greater numbers of the insects are present when the 
planted cotton becomes subject to attack than if the zoca is kept 
down, causing many of the early emerging moths to die without 
finding cotton on which to deposit their eggs. On the other hand, if 
the zoca and the planted cotton begin fruiting at about the same time, 
the former, being on the insects’ hibernating grounds, is attacked 
first and may retard the infestation in the planted cotton. But in 
that case a rapid increase in the infestation of the planted cotton may 
be expected when moths in the zoca become so abundant that they 
begin to seek other cotton. 

In referring to the records of nonpickable cotton for 1922 (Table 
17), it is noted that the percentage nonpickable for zoca is about the 
same as that for the irrigated planted cotton and much higher than 
for the unirrigated planted cotton. Alsomany more green bolls were 
left on the zoca than on the planted cotton at the time of the exami- 
nations. Ordinarily the stand of zoca is very poor and it has a heavy 
late growth, which accounts for a high percentage of nonpickable 
cotton. Although infestation develops early in zoca, it ines not 
necessarily follow that severe damage occurs much earlier than in 
planted cotton. This is indicated in Table 22, in which the infesta- 
tion of a field of zoca is compared with the average for three fields of 
planted cotton on a plantation near Torreon in 1921. 
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TABLE 22.—Average number of worms per boll in planted cotton and in zoca, 1921 


Date Planted 
cotton Zoca 
Hj b a: \ipd bc ue pen gee WeDo eRe SAG Bet Si RRS Og Eee os Rak ee 0.14 0. 44 
ADU b/e gp eee es ee en SoS RE ENO te ees es . «Le ER ER Se oe ee Se Ee . 07 . 63 
UG See Sn a ee ee ae Eee a ae. A ee oe i ee ee on a 67 1.47 
GOES AER EEL AR DIOR BATS OPE RAE AS pe. net oe Sa 2D FE ee 1.31 2.79 
(Mtg hos a belie or a ob A eh I po aie hl ie ale pl 1.53 1.95 
DT ee TE I TT aes OL TNE Ba ee aera ae 3. 20 3. 30 
Septs LOLE sa EA ISa,. E558. oy SRE EAE ie ae 2 BOE a eee | 4.08 2.72 
26 Se ees oe 3 OS ee Se Ae OR See RE he Be AS Solin bs on My te | Baldi 
Oct Agee el Bie LES 5 OEE: CEE AS EE EI Lae Pa AS Ae ee ro 2. 02 
| 


FOOD PLANTS 


Experiments were conducted and observations made by A. C. 
Johnson on host plants other than cotton to determine the part these 
plants may be expected to play in the perpetuation of the pink boll- 
worm in the absence of cotton or its spread beyond extensive areas 
in which there is no cotton. Dry okra plants containing a large 
number of heavily infested pods were placed under a large screen 
cage in the winter of 1921-22. The following spring both okra and 
cotton were planted under this cage, the old stalks being allowed to 
remain. The cotton bloomed about the middle of June and the okra 
still later, but no infestation developed on either. 

On May 27, 1922, 200 okra pods were gathered from dry stalks 
that had been in the field all winter. An examination showed 3 
living larve, 33 dead ones, and 1 pupal case. It is thus evident that 
under Laguna conditions the larva can survive the winter in okra 
pods on stalks in the field. In an okra pod, however, the larva is not 
so well protected against cold as in a cotton boll containing cotton. 

Other malvaceous plants growing in the Laguna district were like- 
wise studied with reference to their possible relation to the pink 
bollworm as host plants. A larva was found in a bloom of hollyhock 
(Althea rosea) as early as May 28 in 1922, and.on June 7, 1921. Heavy 
infestation of hollyhock was never noted, and the larva was observed 
only in the bloom. 

Three wild malvaceous plants are rather common in the Laguna 
district. These are Sphaeralcea cuspidata (Gray), Sida hederacea Torr., 
and Malva parviflora L. Quantities of these plants were collected 
repeatedly and placed in rearing cages, but no stages of the pink 
bollworm were ever found on them. In many cases these plants were 
collected immediately adjoining cotton fields. Larvee of the lepidop- 
teron Noctuelia rufofascialis Stephens were found in considerable num- 
bers in the seed pods of these plants. This larva attains practically 
the same size as the pink bollworm and it is found occasionally feeding 
on cotton, both in the blooms and in the bolls. The pods of these 
malvaceous plants are large enough to enable the pink bollworm to 
reach maturity in them. . 

A few specimens of Hibiscus coultert Harv. were found on the moun- 
tains near Tlahualilo, but they were not infested. 


RELATION OF ALTERNATIVE FOOD PLANTS OF THE PINK BOLLWORM TO NONCOTTON 
ZON 
In the United States in the work of eradicating the pink bollworm 


the planting of cotton over extensive areas has been prohibited. 
This work appears to have been entirely successful in bringing about 
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eradication in several large areas. In these areas, however, no effort 
- was made to eliminate possible alternate food plants. 

Very extensive searches have been made in the United States to 
find infestation by the pink bollworm in okra and other malvaceous 
plants growing in noncotton zones and in their immediate vicinity. 
In no case has any infestation ever been found in any of these plants. 

The records from Mexico and those from Egypt and other countries 
have shown clearly that the insect can develop in plants other than 
cotton. Taking all the available information together, the conclusion 
seems to be warranted that, in the presence of enormous numbers of 
the insect, such as are found in Mexico and Egypt, there are occasional 
more or less aberrant individuals which attack plants other than 
cotton. With such an attenuated infestation as has occurred in the 
United States, the volume of the moths is so small that the chance 
of attack on other plants is negligible. 


Fic. 10.—Group of cotton plants in tests to determine distance of flight, fenced for protection against 
animals 


DISSEMINATION BY FLIGHT 


In 1921 and 1922 F. F. Bibby conducted experiments to determine 
if possible the distance the pink bollworm moth would normally 
cover by flight. Small groups of plantings (fig. 10) were made at 
isolated points distant from cotton fields and Tent under observa- 
tion to determine whether they became infested. Seed free from 
pink bollworms was used. 

In 1921, there were 8 small groups of plants at intervals of 1 mile 
to the north of the fields on the Tlahualilo plantation, which was the 
nearest cotton to these plantings. Hach group consisted of about 
a dozen plants, which did not attain any great size and bore little 
fruit, making examination easy. ‘Thorough examinations precluded 
the possibility of moths developing in one group of plants and in- 
festing the next one. The results of the test are given in Table 23. 
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TABLE 23.—Infestation of plantings in 1921 distance-of-flight tests 


Di Larve per group of plants— Date 
| fee) : Plants 
Point | fom | Date first bloom | Date found infested | were 
fields | First | Second} Third | Fourth) 7,4,)|  de- 
instar | instar | instar | instar stroyed 
| 
|- | — = 
| | | 
i | Miles | | 
No. 1 | 1 | July 19 to 28______ pS Zone eee Sileaeane a eee 9] Aug. 30 
No. 2 | 2 | Wil3.-fo CS Sepis 2255s eee 2 | 1 ial eas 4 | Sept. 22 
No. 3 | De PALIe 1 SiO oe ee OCD Leela === = eeeeeee ENE oe ee aes ea 7 | Sept. 18 
No. 4 Aneee 5 dose ae: Nepel22 = ees aT: (SEARS Soe ee | ee 1| Sept. 7 
No. 5 Di) Sept. l tojqe.s-- Ss ISSeDt. ise es eee LD es 2p |S aeee 1 | 3 | Sept. 8 
No. 6 | 6} July 28 to Aug.'4_4) ‘Oct. 141-2" es i Fg toe i | 6 | Oct. 14 
No.7 | 7 | Aug. 18 to 25__--_- GDh. (2 ees oem 5g a Ee a ee ee | 1 | 2) Sept. 8 
No. 8 | 8 | July 6 to 13______- | July 28 and Sept. 29 2p ean | een eee 2} Oct. 2 
! 


All the groups of plants became infested, No. 8, which was 8 miles 
from the nearest cotton field, beg the first. As only one small 
larva was found in this instance it was removed; but the plants were 
not destroyed. Close examinations showed that there was no con- 
nection between this infestation and the later one in this group of 
plants. In all other cases the plants were removed soon after the 
infestation was discovered, and all forms closely examined, with the 
results given in the table. Each group of plants in this test became 
infested independently of the others, with the nearest source of infes- 
tation as indicated in the table. Whether the moth reached any or 
all of the points by flight or through carriage by man can not be 
explained. There was no occasion of infested material being carried 
past these plantings but the moth may have been carried out in mak- 
ing inspections or by carts which occasionally passed near by. Still, 
with millions of moths in the fields, it would not seem strange had 
some of them been carried to these plantings by favorable winds, 
even though their power of flight is limited. 

The following season (1922) plantings of small groups of plants 
were made in several directions from the source of infestation. Table 
24 shows the arrangement of these plantings and the results obtained. 


TaBLE 24.—Results in distance-of-flight plantings, Tlahualilo, 1922 


Distance 
Point from | Direction Infestation Remarks 

cotton | 

Miles 
NOM Sal@NOnth sae Nonesseeesee Fruited sufficiently for infestation. 
Nios 22tt a2 . il eS oe ORE ST EEE. Whates2 222) eee tee 
INOL SE ies ees FS eci bes wae SS Barlywere sets 
INGE fF eee 2 Gow tA Mees ee INoneS sae 22254 No fruit formed. 
No. 5 est | DAS Bees tae ee et | ata dose a Do. 
INO. 6222 25-2= 6.|5-=" (6 (ayer ee a eS fee dozsee- rok eee Do. 

| 


With the exception of the failure of the plants at point No. 1 to 
become infested, the results are about the same as in 1921. 

In addition, two other plantings were made in 1922, one 25 miles 
northwest and the other 40 miles west of the nearest cotton in the 
Laguna district. These plantings were on cattle ranches and con- 
sisted of about 100 plants each. The first showed as heavy an 
infestation at the end of August as the average for the Tlahualilo 
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fields at the same time. The cotton at the other point also devel- 
oped a heavy infestation. A number of families of Mexicans lived 
at each of these ranches, and, although supposedly no material 
subject to infestation was ever brought there, it is extremely likely 
that infested seed or seed cotton was brought in with packing, 
bedding, or the like. This seems a more logical explanation, in view 
= pe early development of heavy infestation, than the theory of 

ight. 

= NATURAL CONTROL 


One of the characteristics of the pink bollworm under conditions 
in Mexico is the regularity of its attack. Equally as characteristic 
is the contrast between the enormous number of larve found in the 
fields in the fall and the slow development of the infestation in the 
spring. Though the latter is probably explained to a great extent 
by the practice of thoroughly cleaning the fields in the winter and 
fumigating the planting seed, still were there not a heavy natural 
mortality among both the hibernating larve and the newly hatched 
larve during the season much greater damage would be expected. 


MORTALITY OF YOUNG LARVA 


The great difference between the total eggs deposited and the 
number of larve found in the bolls was pointed out in connection 
with Table 1. A greater discrepancy occurs between the number 
of apparent entrance holes on the outside of the boll and the number 
of worms within the boll, as shown in Table 2. These facts point 
to a mortality of something like 90 per cent of the young larve 
before they enter the boll. 

The mortality of the larve after the boll is once entered does not 
appear. to be very high. ; 

Data collected during 1921 on the transformation of the pink 
bollworm in the soil showed considerable mortality during this 

eriod. In a number of soil examinations separate records were 
ept of the findings in the soil immediately under the plants and 
those between the rows. For further explanation of this experi- 
ment see page 7. In other examinations the soil was divided into 
three 2-inch layers. The results of the former are given in Table 25. 


TABLE 25.— Mortality of the pink bollworm in the soil immediately under the plants 
and between the rows 


Under the plants Between the rows 


Date of examination Larve and pups | Larvee and pups 
scoala BH af Nod WLS A Ra a ian eat oe il 


| 4 | cases cases 
Living Dead Living Dead 


SY eR en a ses ee i nc ey 7 12 41 3 | 8 | 44 
El op ae I TT a Pe ey i] 15 3 0 | 9 | 2 
DES aE SF SE ea tes 10 3 5 | 2 | 2 2 
(Cum ot SE ee 2B ae ee oe Bee 0 0 33 | 2 0 8 
21/3 DO PE es I, 2 ee © pe ee ere 2 0 7 | 3 | 2 5 
opel te See oe es EL ee A). obs 70 30 89 | 10 | 21 61 
Total, all stages._.._--- -, 8S eee a : 189 Buin ow ey brpg ai me is 


Percentage dead._-...---..........- 
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A higher mortality among the larve and pupe between the rows 
than among those immediately under the rows is noted. 

Table 26 shows the relative mortality among pink bollworms at 
different depths in the soil. The mortality is greatest in the first 
2 inches of soil, decreasing with the depth. An average for all depths 
in this table gives 19.7 per cent mortality. 


TABLE 26.—Mortality of the pink bollworm at different depths in the soil 


First 2 inches Second 2 inches Third 2 inches 
Date of examination (1921) ae aug ae aud tee ae | 
Pupal Pupal Pupal 
pa eu aes |) CASOSFls> a ae |, (CASES): \naaa- ace ce COSeS 
Living | Dead Living | Dead Living | Dead 
AI UT May fie epee ce a a 5 0 0 0 0 | No examination. 
GTN) DIRIRS SY RRS pag Si A 70 18 13 16 5 2 2 il 0 
AER REE BIE MS cd 3 17 45 5 3 25 2 0 15 
FSY2) oY eg a Ga a ea 31 17 2 12 5 3 8 2 0 
BER HS 2ee Vers UA AE ee ae 11 3 (6). | eee er Re ei ee 1 2 1 
Oye res tee Meese aR Tare ee 2 0 39 0 0 2 0 0 0 
2 ST IRE id 5 ea 4 2 9 1 0 3 0 0 0 
Oba ee Nee aE 126 65 114 34 13 35 13 5 16 
Total all\stagess==ss=se-s5=5 305 | 82 34 
POE CEMtA SCH Ca Cl kes ne es a 8 [aR tine 2k DANES pe Stee Re eee oe Bert eee 15. 822. eee 14.7 


MORTALITY OF LARVA IN THE RESTING STAGE 


The pink bollworm larva passes its resting period in or about seed 
or seed cotton in gins and warehouses, in the bolls in the field, and 
in the soil. As the activity of the insect lessens in the fall, an increas- 
ing percentage of the larvze spin up in the boll and assume the resting 
stage. This shows their normal preference for hibernating quarters. 
Larvee that hibernate in the soil evidently do so because the boll in 
which they mature does not offer suitable quarters. It may either 
still be green when the larva is ready to make its cocoon, or it may 
have fallen to the ground, where the sun’s heat becomes so excessiv 
that the larva enters the soil. 


MORTALITY OF LARV IN BOLLS AND SEED IN STORAGE 


One hundred bolls collected from standing stalks in the field on 
March 9, 1921, showed a total of 109 living larve and 15 dead ones. 
Bolls in storage furnish equally as good quarters for the resting 
larve. Of the larve in bolls that had been collected from the fields 
in the middle of November, 1921, and stored, 10 per cent were dead 
in March, 1922, and in others that were collected early in December, 
1922, 7 per cent were dead on February 7, 1923. Usually the larve 
in seed or bolls in storage are attacked by mites, and mortality from 
this cause rises very rapidly in the spring. ‘ 

Tables 12 and 18 give records of larvee in stored seed and bolls of 
the 1920 and 1921 crops. According to these data, the larve survive 
longer in bolls than in the seed. As all this material was stored 
under the same conditions in the laboratory, the most likely explana- 
tion for the difference is that larve in loose seed are more accessible 
to mites than those in the bolls. The more rapid decrease of the 
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percentage of living larve in the bolls of the 1921 crop than in those 
of 1920 may be explained in a similar way. The former were stored 
about four months earlier in the season than the latter and were 
therefore longer subjected to the attack of mites. 


MORTALITY OF RESTING LARVH IN THE FIELD 


An experiment is now under way which will give data on the 
mortality of resting larvee in the field in bolls, both on the stalks 
and on the soil, as well as in the soil. Data on this experiment are 
given in Tables 8 and 9. Figure 11 shows graphically the results 
of the experiments with the bolls on the surface of the soil as recorded 
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Fic. 11.—Comparative mortality of resting larve in bolls on the surface of the soil and of resting 
larve in the soil. Each bar represents the results of the examination of a separate lot of 100 
bolls, that had been placed on the soil on November 28, and the soil underneath. ‘The first 
examination shows the content of 100 bolls at the time they were placed on the soil but before 
any larve had left them to enter the soil 


in Table 8, up to April 2. The rate of mortality is seen to be higher 
in the bolls than in the soil. This diagram does not take into con- 
sideration individuals that have emerged. ‘This, however, appears 
not to have been great to the date of the last record, as will be ob- 
served in the record of pupal cases in Table 8. It would appear 
from this that larve left undisturbed in the soil during the resting 
period have a better chance of surviving than those in the bolls on 
the surface of the soil at the same time. 

Another experiment, conducted in the winter of 1921-22, dealt 
primarily with the longevity of resting larve in seed and bolls on 
and in the soil of irrigated and unirrigated fields. The results of 
this experiment are discussed under “‘Irrigation”’ as a control method. 

In Table 27 are given the percentages of the stages in the soil 
found to be dead during the winter and spring months in 1921 and 
1922. 
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TaBLE 27.— Mortality of resting pink bollworms in the soil in the fields, 1921 and 
1922 


| Percentage of 


mortality 
Month | Em? 
| 1921-22 | 1922-23 
INiowemtber st 4s. pets nk od LEE oe ee eS Ae ee 10 38.9 
IDecemberter. se Sek ste Sloe hee eee ee ep eee A enh ere Se Re ee ee 26. 6 22.8 
JANUARY ABATE PERCY RET PE ee ee a Se as ee Sa eee Ae ue ee 24, 2 26.4 
HRD U EAT i Ses Se A a EE ae RN 7 PS re A ee 34.9 26.1 
architss # UI Ag Moe SSP Se Se 2 Se RE Oe De ee OE on eh SAP ELS 1 41.4 3. 1 
AUTOT Ua peed aa EN oy. oR Se laa oe ed A EE a Bl ae oe eres Plays Pet on ee 2 
BV pb Se ea ke ee oe Oo we Ris earn et an ogee tes eS a Se LE! ce 39°58} Seewvess 
ABUT isc ete EA oe ee Se ie be Pe eae ee We Ne ee 6050) a 


These records are based entirely on actual field examinations, 
which explains their irregularity. In the first place there is an 
accumulation of dead larve and pups from the summer and fall. 
And as the larve assume the resting stage in the soil gradually, 
it is not possible to consider a certain percentage of the dead an 
accumulation of the summer stages and subtract this from all sub- 
sequent records. Again, a gradual decay of dead larvz, which are 
censequently not found in the examinations, will make the figures 
for dead too low in the later examinations. Lastly, emergences of 
moths have not been considered at all in these figures, because pupal 
cases are to a great extent destroyed in preparing the soil for exami- 
nation. The records for 1922-23 are based on examinations of more 
soil than those for 1921-22. Also the soil all came from the same 
field, which was not the case in 1921-22. Individual figures for the 
second season are therefore more comparable than for the first. 
The decrease in the percentage of dead for December, 1922, was 
due to the cutting of the cotton stalks at the end of November, — 
which, as has been pointed out, caused the shedding of many bolls — 
and a consequent issuance of many larve from these bolls and 
entrance into the soil. From data in Table 7, an increase is cal- 
culated in the average number of living larve and pupe per square 
yard of soul from 6.4 for November to 18.6 for December. 

The records in Table 27 give no indication of the total mortality 
during the resting period and the percentage of the larve that 
finally transform to the moth stage. In connection with an experi- 
ment on the effect of winter cultivation, some cages were placed in 
the field to catch moths emerging from the soil in the spring. This 
experiment is described in detail in this report, under “ Winter 
plowing.” A partly calculated record of an emergence of 2.2 moths 
per square yard from an uncultivated part of the field which aver- 
aged 14 living larve per square yard during March and April is 
given. This would show a mortality of about 84 per cent of the 
larvee that pass the resting period in the soil. 


PARASITES 


In the spring of 1921 an experiment was started to determine 
whether daily picking of all infested blooms would reduce the pink 
bollworm infestation. A half-acre plat was selected for this test, 
and work was commenced June 17. After a few days a considerable 
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mortality of the larve in the picked blooms was observed. This 
was found to be caused by parasites. Records were then kept of 
the parasitized larve also. The results of this test are shown in 
Figure 12. 

The parasites more or less followed the course of the pink boll- 
worm infestation at first, but afterward did not keep pace with its 
rapid increase. 
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Fic, 12.—Parasitized lary in blooms and total blooms infested with the pink bollworm on a 
half-acre plat, 1921 


The peak in blooming was reached on July 11. Regular counts 
were discontinued after July 15. On July 19 and August 2, two 
complete counts were made. In the first the maximum of 972 
infested blooms and 114 parasites was reached. By August 2 the 
total number of blooms had dropped to 17 per cent of the maximum, 
with only 18 infested, and 3 parasitized larve. Few parasitized 
larve were found in blooms after this. Of 165 ee collected 
from infested blooms on October 1, none were found to be infested. 

Two species of parasites were found to be common. ‘These are 
Microbracon mellitor (Say) and Habrobracon gelechiae (Ashm.). 


36 BULLETIN 1374, U. S. DEPARTMENT OF AGRICULTURE 


Their life history and habits were studied during the summer by 
A. C. Johnson and are here given briefly, so far as known. 

Normally the female I. mellitor stings the pink bollworm larva 
while still in the square, paralyzing it, and deposits an egg on it. In 
all cases only a single egg was found on one larva. When placed in 
a cage the adult did not attack loose pink bollworm larve. The 
larva of the parasite feeds on the pink bollworm until nothing is 
left of the latter but a mass of dry skin. . 

The larval period of IM. mellitor was found in the summer to be 
from 344 to 4 days. The pupal period lasted 4 to 5 days. The 
adult of this species is apparently a nocturnal worker, as none were 
ever observed in the field in the daytime. 

Habrobracon gelechaae is more common through the season than 
M. mellitor. In freshly opened blooms, larve of the pink bollworm 
attacked by this parasite were usually found paralyzed and with 
the eggs of the parasite on them. This indicates that the attack is 
made after the bloom opens, which appears likely also when we 
consider the short ovipositor of the adult. It is common to find 4 
or 5 eggs on 1 larva, and as many as 10 have been observed. In 
some instances the adult attacked loose pink bollworm larve in 
cages. 

The larval and pupal periods of H. gelechiae are about the same as 
those of WM. mellitor. Many adults of the former were observed in 
the field in the daytime. 

About two-thirds of all paralyzed pink bollworm larve found in 
blooms contained neither parasite eggs nor larve. It is possible 
that in such cases the eggs or larvee were destroyed by other insects, 
or the adult of the parasite may often sting the pink bollworm with- 
out depositing eggs upon it. 

On Gciohes 2, some clusters of cocoons and several living pupz of 
H. gelechiae were found in dry blooms collected from the ground. 
Then 400 closed blooms from 2 to 5 days old were collected from 
plants. Ninety-seven of these were infested with pink bollworms, 
of which 10 were parasitized by H. gelechiae. About 2 per cent of 
the larve found in bolls in the fields in December, 1921, were para- 
sitized by H. gelechiae. These observations show that H. gelechiae 
seems to prefer attacking larve in dry blooms and bolls in the fall 
to attacking them in fresh blooms. During 1921, M. mellitor was 
more abundant early in the season. 

Several other species of parasites were reared from pink bollworm ~ 
larvee. ‘These were rare and have not been identified. 

General observations showed that the parasites were not so 
abundant in 1922 as in 1921. A few parasites apparently identical 
with IM. mellitor were reared from malvaceous plants other than 
cotton in 1922, but what insects these parasites attacked was not - 
ear H. gelechiae was not observed emerging from these 
plants. 

The more or less spasmodic attack of parasites on the pink boll- 
worm observed in 1921 and 1922 indicates that under conditions 
existing in the Laguna district no appreciable control of the pest by 
parasites may be expected, even though a maximum of 33 per cent 
of the larve in blooms early in July, 1921, were parasitized. Climatic 
conditions are evidently much more favorable for the pink bollworm 
than for the parasites so far observed. 
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REPRESSION 


CULTURAL CONTROL 


The pink bollworm’s habit of pupating in the soil during summer, 
and of passing the resting period there to some extent, suggests that 
considerable control may be expected from cultural methods designed 
to lull the larve and pupe in the soil. 


IRRIGATION 


In the winter of 1921-22 F. F. Bibby conducted an experiment to 
show the effect of flooding on resting larve in the soil. Heavily 
infested bolls and double seed were placed in a garden under condi- 
tions as nearly as possible representing those normally found in the 
field. The material was arranged in plats part of which could be 
flooded. In these the seed and bolls were buried at several depths, 
one layer in the first inch of soil, another 3 inches beneath the surface, 
and a third 6 inches beneath the surface. <A fourth layer was placed 
on the surface of the soil. The latter material floated when water 
was applied. One plat of each, bolls and seed, was flooded for a 
pened of 18 days, another for 33 days, and a third for 64 days. 

ach plat was completely covered with water during this entire time. 
The foaGhe bolls were kept in water for periods of 18 and 44 days 
and the seed for 17, 22, 33, and 56 days. 

The data obtained in these experiments are summarized in Table 
28. In preparing this table the average number of living larve found 
in the seed and bolls when the experiment was started was determined. 
This was considered as 100 per cent and the percentage of living 
larve and pupz found in later examinations was calculated on this 
basis. Forty-seven days after flooding was discontinued on one of 
ne 18-day plats 5 larve and pupz were found loose in and on the 
surface.” 


TABLE 28.—Longevity of resting larve in bolls and seed in flooded and in dry fields 


| 
Larve surviving in bolls and seed 
Time 

; from be- 
ginning | Buried from 1 to 6 inches in soil in field 

Approximate date of examination of treat- 
| Sati In plat Inplat | In plat ee 
f ra n pla npla n plat | in water 
tion | Mm dry | flooded | flooded | flooded 
ih 18 days | 33 days | 64 days 

i 


Days Per cent | Per cent | Percent | Percent | Per cent 
0 100 
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Ca Off eae ply oat ede ae SE SE ee ee 70 BORD eee Se TAD he's Se PPS Ao oe 
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According to the data gathered in these experiments, the flooding 

of fields in fall and winter, as commonly practiced in the Laguna 

12 According to Willcocks, irrigation causes larv# to leave bolls that are buried and seek the surface of 
the soil for pupation to a greater extent than they do in dry soil. 
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district (fig. 2, p. 3), whereby the fields remain under water for 
periods varying from one to two months and sometimes longer, 
will kill very nearly all the resting larve in the soil and in bolls on the 
surface. The flooding of heavily infested cotton fields just cleared, 
whenever it can be practiced, should materially retard the infestation 
in}new cotton. 

WINTER PLOWING 


To determine the effect of winter plowing on resting larve in the 
soil, an experiment was conducted in 1922 in which plats in a field 
that was heavily infested with the pink bollworm late in the fall of 
1921 were plowed in different ways. Five quarter-acre plats were 
laid off and the following treatments given: 

Plat 1: Uncultivated. 

Plat 2: Harrowed and cross-harrowed with disk harrow, March 9, 1922. 

Plat 3: Plowed to a depth of about 6 inches, harrowed and cross-harrowed 
with disk harrow, March 9, 1922. 

Plat 4: Plowed to a depth of 6 inches, March 9, 1922. 

Plat 5: Zoca, soil thrown away from plants with two cultivator shovels, 
first week of April, 1922. 

After this plowing, examinations of 1 square yard of soil to the 
depth of about 8 inches were made in each of these plats at intervals 
of about 20 weeks. Plat 5 was not included in the first examination, 
as it had not then been cultivated. The data obtained in this 
experiment are given in Table 29. 


TaBLE 29.—Effect of different methods of plowing on the pink bollworm hibernating 
in the soil 


Number of pink bollworms found per square yard of soil 


Sets _ | Plat 2, har- Plat 3, plowed | Plat 4, plowed | Plat 5, culti- 
Date examined Plat 1, check | rowed | and harrowed only vated 
| 
Living} Dead | Living| Dead | Living| Dead | Living| Dead | Living| Dead 
1922 | 
Migr. 22 tai nee epee 10 5 4 11 3 6 16 11 | No examina- 
tion. 
APPS lee ES 18 7 13 i 1 1 9 2 2 1 
Via ye law eee es 8 14 7 2 13 3 6 0 8 1 
ofa UO eee 7 7 5 4 7 5 3 | 3 0 2 
BONE vais EE 4 0 | 1 4 6 7 5 0 0 1 
JUNE 25220 eee 2 3 | 2 2 2 4 2 1 1 3 
262552 ee 0 1 0 3 4 3 0 1 4 0 
Uy rol OL a (0) 0 0 0 0 0 0 0 0 0 
oe SE EN 0 0 0 0 0 1 0} 0 0 0 
AUP Ge Lean at oak 0 0 0 0 0 0 0 1 0 0 
Totale--22 Sates 49 37 32 33 36 30 41 19 15 8 
Average__.___- 4.9 On 3.2 3.3 3.6 3.0 4.1 | 1.9 1.67 . 89 
Percentage 
Ceasers See eer 43503 soe OMV A Son uae te Has [yaaa a Sl al eee 34.8 


Considering only the total number of living individuals found per 
plat, there is a notable reduction in the plowed plats, especially the 
cultivated zoca. But the two harrowed plats show the highest 
percentage of dead individuals, and plat 4 is particularly low in this. 
Considering the individual examinations, the first one shows a very 
decided advantage for the two harrowed plats. Only 4 and 3 living 
specimens were found in these, compared with 10 in the uncultivated 
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plat and 16 in the plat that was plowed only. However, some later 
examinations show up entirely differently. Thirteen living speci- 
mens were found in a square yard from plat 2 on April 17, and the 
same number in a square yard from plat 3 on May 1. It is evident 
that further experiments should be conducted. 

In addition to the soil examination, three cages were placed on 
each plat (except plat 5) to catch any emerging moths. Hach cage 
covered 1 square yard and had a trap arranged in the middle to 
catch emerging moths. Paper covers were placed on the cages at 
night, leaving only the traps exposed. It was thought that moths 
seeking light or free air would more readily enter the traps in this 
way. The cages were examined every second or third day with the 
following total results: 

Plat 1. 2 moths, April 15. 

2. 1 moth, April 15. 
3. 0 moth. 
4. 1 moth, April 30. 

In August all these cages were removed and the surface of the soil 
under each one carefully examined for signs of any moths that might 
have emerged and not entered the traps. Only the following were 
found: 

Plat 1. 1 poe pupa. in cocoon on surface of ground, 1 pupal case under base 

or cage. 
271 spell cade under clod of earth. 
3. 1 pupal case under clod of earth. 
4. 1 pupal case under clod of earth. 

The efficiency of the traps on the cages was tested. One cage was 
set up as it had been in the field, 20 moths were placed under it in 
the afternoon, and the paper cover was put on during the night. 
Only 6 of the 20 moths were found in the trap on the morning fol- 
lowing. This indicates that probably only 30 per cent of the moths 
that emerged under the cages in the field were caught in the traps. 

One striking point brought out is the difference between the 
number of moths that emerged and the number of living larve found 
in the soil. Table 29 gives an average for the first two examinations 
in plat 1 of 14 living larvee per square yard. On this plat, in 2 cages, 
covering a total area of 3 square yards, only 2 moths were caught. 
If this was 30 per cent of the moths that actually emerged under the 
cages, there was a total of 6.67 moths, or an average of about 2.2 
moths, emerging per square yard. 


EMERGENCE OF ADULTS THROUGH SOIL 


An experiment was conducted in the spring of 1922 to determine 
the depth of soil through which a moth can emerge. ‘Two sets of 
sheet-iron cylinders were made. ‘These were 5 inches in diameter 
and closed at the bottom and ranged in depth from 4 to 20 inches. 
Larve in cocoons from the soil and in cottonseeds were placed in 
the bottoms of the cylinders and covered with soil to different depths 
(seo Table 30). The cylinders were taken to the field and sunk in 
an upright position in the ground so as to leave the surface of the 
soil in the cylinder on a level with the surface of the soil on the out- 
side. Screen-wire traps were made to fit the tops of the cylinders, 
so that any emerging moths might be caught. 
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These cylinders were kept under observation throughout the 
summer and in October the soil was removed from them and.carefully 
examined. Table 30 shows the results of this experiment. 


TaBLE 30.—Emergences of moths and larve buried at different depths in soil in 


cylinders 
| 
Larye buried Emerged during summer Found in soil (dead) 
| } 
Depth | Number| Larve | Pupz | Moths | Larve | Pups» pupal | 
Oe aS | 
| Inches | | 
4 74 Pg th | =e Oe, 1 17 3 4 
8 fe eee Ty ae. ee 2! Sa eee 8 15 2 3 
1y) 74 AIMS AEE Pee Sie | eaeree = Gey. | See ee os 1 | 
16 74 1 ile St eee ee i (ne ee A 
20 73 On pares 1 15 iL 6 


The larvee recorded under ‘‘Emerged during summer”’ were found 
in the traps, evidently having issued from the soil and entered the 
screen-wire traps in searching for a place to pupate or trying to escape 
from the cylinders. This also accounts for the one that entered and 
later pupated. These larve and the pupa were all dead when 
found, having evidently been killed in the traps by the heat of the 
sun. The adult taken from the cylinder in which the larve were 
buried at the depth of 4 inches was alive and perfectly devel- 
oped. The other adult was imperfectly developed and had been 
partly eaten by ants when found. ~ 

Considering the number of larve that were found to have issued 
from'the soil, the most reasonable explanation of the emergence of 
the moths is that the larve first came to the surface, or near the sur- 
face, and then pupated. This explanation is much more reasonable 
than that a moth could issue from any great depth of soil unless it 
were of such nature that the moth would not have to burrow its way 
out. The experiment plainly shows that the pink bollworm, at least 
in the larva stage, can escape even if buried to a considerable depth 
by cultivation. 

SUMMER CULTIVATION 


It was shown in Tables 25 and 26 that during the summer the 
natural mortality of the pink bollworm in the soil is greater for in- 
dividuals found between the rows than for those found immediately 
under the plants and that the mortality decreases with depth. This 
suggested that the heat of the sun might be responsible for the in- 
creased mortality, since larve between the rows, particularly near 
the surface, are more exposed to this heat. A few experiments were 
conducted to determine whether this is true. 

Temperature readings were taken on several days in September, 
1921, on the surface of the soil and 1 and 2 inches below the surface 
ae the hottest part of the day. These readings are recorded in 
Table 31. 
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TaBLE 31.—Temperature, in degrees Fahrenheit, on surface of, and in, soil between 
cotton rows in the fleld 


linch | 2 inches ee 
Date Hour | Surface | beneath | beneath temper- 
surface | surface ire 
1921 219 oF UTM esl ene Mil 
SeEPe Ti, TIS ana tee eh A a A a 12.30 p.m. 142 124 De Ieee ee ae 
2.30 p.m. 141 123 112 95 
4.30 p.m. 123 116 TOS) aes ss 
SHE. Tn ee es Ss ne a et a ae Se 10.00 a.m. 128 101 2) ete one 
12.30 p.m. 146 115 106 96 
2.30 p.m. 1388 124 aU ee 
| 4.30 p.m. 114 112 LOM Gee ee See 
SHO I Soo Se eee ae See Sn ee ree ae 10.30 a.m. 128 102 Oa See 
12.30 p.m. 141 114 102 92 
2.30 p.m. 130 112 OP) ese eee 


A temperature sufficient to kill the pink bollworm in a very short 
time is reached on the surface of the soil, and the soil, even as deep 
as 1 inch below the surface, becomes hot enough on some days to kill 
in time. All these readings were taken between the cotton rows, 
where the soil was exposed to the direct rays of the sun. 

Early in the morning of September 14, infested blooms were placed 
in and on the surface of the soil in direct sunlight and in the shade of 
cotton plants. These blooms had been collected from plants and 
allowed to dry several days in the laboratory. Ten blooms, each 
containing a living larva, were used in each experiment. Late in 
the afternoon the blooms were removed and examined. The results 
are given in Table 32. 


TABLE 32.—LHffect of solar heat on pink bollworm larve in blooms in and on the 
surface of soil in sunlight and in shade 


Location Sunlight * | Shade 
| 
reprrtace.. = 2. 8e st} Peed lO}déad larvse. 2. Gee eis 4 live larvee, 6 empty blooms. 
2 inches beneath surface--______-- 6 live larvee, 4 empty blooms______ 7 live larvee, 3 empty blooms. 
4 inches beneath surface________- 5 live larvee, 5 empty blooms__-___- 2 live larve, 8 empty blooms. 


All larve on the surface in the sun were killed. All larvee in the 
other locations either lived or left the blooms. The maximum air 
temperature on this day was 96° F. 

A similar experiment was conducted a few days later with pups in 
blooms. After exposure the pup were removed and placed in vials 
so that emergences of moths could be noted. ‘The results are given 
in Table 33. 


TasLe 33.—Effect of solar heaton pupez in shed blooms in and on the surface of the 
soil in sunlight and in shade 


Sunlight Shade 


Total Moths Total Moths 
pupse emerged pupe emerged 


Location 


So Og 20 EOF es eee 14 0 : 14 9 
Zincnes beneath the surface... 255. ec ewww new seaeeewee 18 10 | Test omitted. 
12 11 | ‘Lest omitted. 


4 inches beneath the surface - 
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If the pink bollworm normally remained in the blooms until they 
were shed, a considerable number of those in blooms falling between 
the rows should be killed by the heat of the sun. On September 26 
some blooms containing larve were tagged for observation, to ascer- 
tain whether the larve remain in the blooms until they are shed. 
Some of these blooms were removed from the plants each day and 
examined, with results as follows: 


Sept. 27. 20 blooms removed, 19 contained larve. 
28. 20 blooms removed, 16 contained larve. 
29. 20 blooms removed, 9 contained larve. 
30. 18 blooms removed, 4 contained larve. 


This shows that normally the majority of the larve leave the 
blooms before they are shed. Thus they may have a better oppor- 
tunity to seek suitable shelter in the shade of the plants than they 
would have if they remained in the blooms until they are shed. - 

it would appear from the results of the foregoing tests that a method 
of cultivation during the summer in which the top layer of soil is 
thrown away from the plants might materially increase the mortality 
in the soil by exposing larve and pupz to the sun. An experiment 
aimed at this point was conducted during the summer of 1922. 
Four plats of about 12 acres each were laid off and numbered. Plats — 
1 and 4 were checks, and plats 2 and 3 were cultivated every 6 days, 
plat 2 on 1 day and plat 3 on the following day. Cultivators with 
shovels set so as to throw the soil away from the plants were used. 
This work was continued from August 4 and-5 to September 14 and 
15, a total of 8 cultivations being given each of the plats. When this 
experiment was begun, regular cultivation had been discontinued, 
so plats 1 and 4 received no cultivation whatever during this period. 
A 6-day interval was used between cultivations. This is the min- 
imum pupal period at this time of the year, according to Loftin * 
and the purpose was to stir the soil at least once during the time each 
individual is in the pupa stage. The pupa would not be able to move 
about to any extent if exposed to the sun by the cultivator. 

A square yard of soil from each plat was examined weekly and a 
sample of bolls from 2 points per plat every 10 days. The results of 
these examinations are given in Tables 34 and 35. 


TABLE 34.—EHffect of summer cultivation on the pink bollworm in the soil 


[Living and dead larve and pups and pupa cases in 2 square yards of soil] 


Plats 2 and 3 (cultivated) Plats 1 and 4 (check) 
Date of examination Pe a (ie 7 : 
5 Me upa ies Pupal 
Living Dead | cases Living Dead canes 
NUS ER tte pee PO esa ae tl pet a NIN Gk SN ie) yeas tesa i ee 
Sn gee ra nr aramid ee wea RS RR erator ERS Sh see ew 1-22 ee 
DD en Ws ctl RN nel a i OE 3 ra 1 9 1G: Veeco eee 
Ge Sete UR OA bee coe Se ee Re 18 DP ek eae 14 10 3 
Sep tet to le en st 11 1 10 19 4 
ee ne ee) Se eee | 15 20 4 19 24 7 
DV BE Ne Ae eee ee 7 5 3 3 2 1 
| 
TO tal Se ae he eens Siamese ae | 48 59 | 9 57 71 15 
TG EN eset ve SE 00 ne a | 116 143 
Percentageideage et tee Se a ee eee ee ee eee | 5019) |S Uee eas [cud kd Bee 49. 6 


13 U. C. Loftin, K. B. McKinney, and W. K. Hanson. Op. cit. 
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TABLE 35.—Average number of worms per green boll in cultivated and check plats 


Plats 2 
* Pi and 3 Plats 1 
ate of examination (culti- and 4 

vated) (check) 
INDE. bol 8 eee ER OB SR 9 a ee a dees 6 fo 42 Oe eee eh ey Se ee 0.35 0. 3 

WP ot Se a eS ee eee... Oe ee pee Sees ARE . 65 6 
Py rane STEPS SER RA ANE et? RA eB A PhO 2. 94 3. 58 
SHR Fe A eS A eee eS eee Pree ee 5. 35 5. 86 
i Enno ne ues beater aura et ee! 5 lS east aN Sa ae te noel emer he Sear neyo 5. 86 6.18 
FP ea OEE Se eee ee a ee oe es ee Ne EE 6. 05 6. 47 
BETES ey ene ees em meen nese NIN ce: oN ene meee ey de ee OM 3. 53 3. 81 


Although fewer living larve were found in the cultivated than in 
the check plats, there were also fewer dead ones. The proportion 
of living to dead was about the same in the two cases. 


HEAVY WINTER KILLING IN WET SOILS 


Earlier in this bulletin attention was directed to the fact that the 
survival of larve in the soil decreases as the amount of moisture 
increases. In unirrigated plats 12.8 per cent of the larve were 
alive or had emerged as moths during May and June, while in several 
irrigated plats no larvee whatever survived the winter. This heavy 
mortality in wet or soaked soils during the winter indicates 
perhaps one of the most important possibilities of control of. this 
pest wherever, through irrigation or the occurrence of winter rains, 
the soil becomes and remains for considerable periods thoroughly 
moistened. Under such conditions it seems probable that all of the 
pink bollworm larve entering the soil for hibernation will be killed. 
On the other hand, it is known that the larve in cotton bolls, either 
on standing plants or on the surface of the ground, survive the winter 
in large percentages. Such opportunity of carriage of the pest 
over winter can be very largely eliminated by thorough cleaning 
in the fields of all cotton plants, scattered bolls, or other rubbish, 
and the burning of such material. It would appear, therefore, that 
under the moisture conditions indicated and the thorough cleaning, 
a method of effective control will be available for irrigated districts 
and others where the winter rains are adequate to hold the soil 
fairly moistened for a considerable period. Undoabiedlys the effec- 
tiveness of the clean-up measures which have been carried out in the 
United States in the effort to eradicate the pink bollworm has been 
due quite as much to the mortality of the larve in wet soil as to the 
thorough collection and destruction by burning of all old plants and 
scattered bolls. This is particularly true in southeastern Texas 
and in Louisiana, where the winter rains are heavy. 


EFFICACY OF CLEAN-UP METHODS 


In the winter of 1922-23 an experiment was conducted to deter- 
mine approximately what proportion of the resting larve in the 
field are destroyed by cutting and burning the stalks. As pointed 
out in the discussion of hibernation habits (Tables 7 and 8), many 
larve leave the bolls and enter the soil when the stalks are cut. 
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A field that was heavily infested late in the fall was selected and on 
November 23, 2 square yards of soil to a depth of 6 inches were 
examined at each of five different points. An average of 5.2 living 
larvee per square yard were found in this soil. At the same time al 
bolls on the stalks growing on these 10 square yards of soil were 
removed and examined. There was a total of 122 dry and 50 green 
bolls, an average of 17.2 bolls per square yard, and these contained 
a total of 397 living larve (first and second instars not included), 
or an average of 39.7 per square yard. © 

At near-by points in this field two areas of 50 square yards each 
were staked off on November 25 and the bolls both on the plants 
and on the ground were counted. On November 28 and 29 the 
stalks were cut, and on December 1 they were raked up. On the 
following day the bolls on the surface of the ground in the same 
areas were again counted. The results are shown in Table 36. 


TaBLE 36.—Number of bolls on stalks and on the ground on an area of 100 square 
yards, before and after cutting stalks 


Before cutting | After cutting 
stalks stalks _ | Percent- 
age shed 
Bolls in cut- 
On | One fmaon On ting 

stalks | ground | stalks ground 
Greonmsbollssec tet ee a eeee anes pease eee se st Se 108 | 3 | 177 34 28.7 
Open bolis shot TI Oe ee es ee ee Se 986 190 | 1 443 733 50. 1 
Total eels teks OVE PEN es Os 1,094 | 193 | 1.520 767 52.5 
Per cent of total on the ground______-_-___---__-____- (Bee Seca ae TS SOO eee ee 590 6h | Sassoon 

1 Calculated. 


This shows that nearly 60 per cent of all the bolls were left on the 
ground after the fields were cleaned, and that 28.7 per cent of the 
green bolls and 55.1 per cent of the open bolls on the stalks were shed in 
cutting the stalks. Using the percentage of 15 for bolls on the ground 
before cutting and the figure of 17.2 bolls on stalks per square yard 
already mentioned, at the time the soil examination was made on 
November 23 there were on an average 3 bolls per square yard on 
the surface of the soil at the points where these examinations were 
made. On November 25, 100 bolls collected from the surface of the 
soil showed an average of 2.12 living larve per boll, which would 
make an average of 6.36 living larve in bolls on the surface of every 
se yard of soil. On each of December 2 and 5,100 bolls were 
collected from the surface of the soil and examined, giving an average 
of 1.41 living larve per boll. And on December 5 another square 
yard of soil was examined at each of the 5 points where examinations 
were made before, giving an average of 21.6 living larve per square 
yard in the soil. Then using the figures obtained in these two soil 
examinations and the percentages given in Table 36, the distribution 
of larvee before and after the stalks were cut can be calculated. 
This calculation is summarized in Table 37. ; 
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TABLE 37.—Distribution of bolls and larve before and one week after cutting of 
stalks in field 


{Number per square yard] 


Before cutting stalks After removing stalks 
Removed 
On On : : On : 
In soil with In soil 
stalks surface Siniles surface 
LVUS 2. Se ee ee eer WEEP || Sica fal aes ae se 18.2 ype ie een were ees 
= Jb Ct Ue Eee aes eee 39.7 6. 36 5.2 12. 76 16.9 21.6 

Per cent of total larve____._....._.- 77.5 12.4 10.1 24.9 33 42.1 


1 Difference between total of last two columns and total of first three. 


Although this summary is a calculation based on several separate 
observations and must be considered as only approximate, it should 
be fairly reliable. The figure of 12.76 larve removed in 8.2 bolls 
oe an average of 1.56 larve per boll. Usually the larger and 

etter-matured bolls remain on the stalks, and a higher worm con- 
tent is found in them than in those that are shed. It seems safe to 
say, however, that in this field not more than from one-fourth to 
one-third of the total larvee were destroyed by cutting and burning 
the stalks. The stalks were cut by hand and raked up with a hay 
rake. Afterward they were burned. 

Soil examinations at the same five points in this field were con- 
tinued weekly, and at each time 100 bolls were collected from the 
surface for examination. Table 38 summarizes the results of these 
examinations, including only those made after the stalks had been 
cut. 


TABLE 38.—Average number of living and dead larve per square yard in the soil and 
per boll in bolls on the soil after removal of stalks 


| Per belt on the Per square yard in the soil 
Date : Living 
Living | Dead cc otal Bots odode 
vata H in the soil 
: (average) 
| ia | 
Lupe 5 a Spe TM RAB SE RES eS See eee 1.3 OF 10) Sab estes zs ceeteey tet ss 
(00 Ut. ee ae es eee ee 1, 54 «15 21.6 4.1 
Sipps’ 5 ED Le Se oe) ee Se ee ee 1.18 | . 38 20. 4 3.6 1. 86 
7.4). TEE ee ee ae rs 1. 58 27 11.4 3.6 
20. 6 3.8 
Jan. 15.0 3.4 
16. 2 3.0 1.4 
13.2 4.8 
15.8 3.4 
Feb. 9.8 LRP jal A ets 
14, 4 Zo Bis etoted = ule 
11.4 71M Nil PR a9 he eal 
9.2 MB iler. Sass 
s 13.0 | a ee eee 
Oe ee cc omaewcananawa| paeeeelis Raonadushe 6.4 | de ee 
(UO 2 Sy BES eae S48 eee aoe oe Pm Pye 12.6 (Ey WN ee ee 
24 AE OEE ON a” eee amr | <4) tee et 9, 2 4.0 
Je MARS SERN ES LU ees SES aR AEs ee eae p(B | 59 a Se epee WE 5.4 2 |\sseBTqs 
Pe eS i alee shin wr meen «| callotasterk = = RS 5.6 PAL tal! SE a ae 
Pin a a ate re oaicoare mansion *s'e - doe ins ow ota ca) Pt | ree 3 la loo 4.4 B.Orsaec Skid 


46 BULLETIN 1374, U. S. DEPARTMENT OF AGRICULTURE 


These data show particularly the effect of pasturing after the stalks 
were cut. Between December 20 and 27, a herd of cattle was 
pastured in this field for a number of days. These cattle ate a 
considerable part of the bolls left on the surface of the soil. They 
picked up practically all the larger bolls, the sudden decrease in the 
number of larve found per boll on December 27 being due to the 
removal of the larger bolls, which contained the greater number of 
larve. Apparently there was no increase, or very little, in the 
number of larve in the soil to offset the decrease in living larve 
in bolls on the surface. The figures in the last column, giving the 
average number of the larvee in the soil that are found withim locks 
or open bolls, before and after pasturing, show that there can not 
have been much trampling of bolls into the soil by the cattle. 

Early cleaning of fields in the fall, before a great part of the late 
unpickable bolls open, is recommended. In this way the number 
of bolls shed would be reduced. Grazing after cutting the stalks 
should be practiced, if possible, and itis possible that grazing before 
the stalks are cut is even more beneficial. If the stalks are not cut 
until all bolls are dry and open, it may even be advantageous to 
delay cutting until after cold weather has set in and the larve have 
spun up more completely. Then possibly there might not be any 
appreciable issuance of larve from shed bolls and entrance into the 
soil, and consequent pasturing would destroy a great part of the 
larvee in the shed bolls. 


TREATMENT OF SEED BY HEAT 


Machines for killing the pink bollworm in seed by heat have been 
in use in Egypt for some years. The Egyptian seed is practically 
lintless, whereas that produced in Mexico and the United States is 
covered with lint. For this and other reasons it was necessary to 
devote considerable attention to methods of treating seed. 

Laboratory tests were made to determine the amount of heat 
required to kill the pink bollworm in cottonseed, and the amount 
of heat to which seed may be exposed without injury. The latter 
point was determined by tests conducted by the Federal Horti- 
cultural Board at College Station, Tex., where laboratory facilities 
for this work were furnished by the college. These tests were 
conducted in February, 1921, with Texas seed. A Freas electric 
oven was used. 

THERMAL DEATH POINT 


The tests on the thermal death point were conducted at Tlahualilo, 
using a Freas oven also. At first several series of tests were conducted 
in which larve in double cottonseed were used. The procedure 
followed was to bring the oven to the desired temperature, which 
was maintained by thermostatic control. The seed, arranged in a 
single layer on asheet of perforated cardboard, was’ then introduced. 
All larvee upon removal from the seed were placed in pill boxes and 
kept under observation for several days. One hundred double seed 
were used in each test. 

In one series of tests the seed was heated in dry air, that is, the 
normal air in the oven. In another series dishes containing water 
were placed in the oven. Evaporation from this water brought 
about a moist condition of the air. 
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The results of these tests are summarized in Table 39. All the 
tests with dry heat giving 100 per cent mortality, except those from 
145° F. down, were repeated three or four times. 


TABLE 39.—Thermal death point of pink bollworm larve in double seed exposed to 
heat in Freas oven, with margin of safety for seed 


Maximum  tem- 

Temperature re- perature to which 
quired to cause eseed may be 

Period a per cent mor- heated without 
of 


ty injury to germi- 
exposure nation 
i 
Dry air | Moist air} Dry air | Moist air 
Minutes oi Sey See Pate 
5 195 160) oe ee a 
10 170 145) Bie Oe eee 
UGE a) ee Be ee 175 170 
20 145 135 cae ees | fae ce 
30 140 130 165 170 
45 135 Ae |e aes Se ae 
60 PZO! “sob eebte ees 160 160 


In the tests with the larve in seed more heat was required than 
Willcocks" found necessary in his experiments. With dry air he found 
a 30-minute exposure at a temperature ranging from 121 to 129° F. 
to give 100 per cent mortality, and with moist air an exposure for 
4 minutes at 159.8°. This difference is probably due to the fact that 
Egyptian seed is practically devoid of lint. 

ollowing the tests that are given in Table 39, a series of experi- 
ments with unprotected larve was conducted in the Freas oven. 
These experiments differed further from the others in the fact that 
the larvee were placed in the oven at approximately air temperature, 
and the temperature afterward raised. Two devices were finally 
decided upon as giving the most accurate results. The first was to 
place the larve in a cylindrical screen cage with a cardboard floor 
in the center, on which the larve rested. A thermometer was in- 
serted centrally through this cylinder with the bulb partly above 
and partly below the cardboard floor. This cage with thermometer 
in position was hung in the oven and kept swinging like a pendulum 
until the desired temperature was reached. Then it was removed 
and the larve immediately. cooled. In the second device the larvee 
were placed in a shallow perforated blotter tray in the bottom of 
which a thermometer rested. The tray was set in the oven and the 
temperature raised until the desired point was reached. Then the 
tray was removed and the larvee immediately cooled. The results of 
the tests conducted in these two ways are given in Tables 40 and 41. 


4 F.C, Willcocks. Op. cit. 
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Taste 40.—Thermal death point of unprotected pink bollworm larve exposed in 
swinging cage in Freas oven 


| Number, Cage | 7; | Cage | 
of | temper- | Tie of | temper- | Mortal- 
| larvee | ature | = S- | ature |. ity 
| exposed | at start | © | at end 
| | 
| °F. | Minutes; °F | Per cent 
10 | 88 1334 135 60 
8 | 80 oil 1144 135 62.5 
10 | 85 6144 135 50 
Repeat hs AA it 154 140 | 100 
| 10 81 144% 140 100 
FAD aie hh 1334 140 100 
| 10 82 10 140 100 
10 | 82 934 140 100 
| 10 | 83 9 140 100 
| 10 | 84 8 140 100 
| 5 | 81 714 140 100 
10% A Jeores |) weg 140 | 100 
10 83 | 7 140 100 
10 | 82 | 7 140 100 
10 86 | 634 140 100 
10 83 7 | 140 100 | 
DO Phe Jakes | Eevee laai40 100 
10 82 | 614 141 100 
8 82 19 145 100 | 
10 92 | 10144 145 100 | 
10 Sips | a mien 145 1005} 
10 85 634 145 100 
10 84 6 145 100 
10 79 184 150 100 
10 84 7% 150 100 
1 10 84 54% 150 | 100 


Tasie 41.—Thermal death point of unprotected pink bollworm larve exposed in 
blotter tray in Freas oven 


Tem- 4 Tem- 
Number | perature | Time of | perature Mortalit 
exposed | im tray | exposure | in tray v 
Pp at start at end 
De Minutes SF Per cent 
8 81 | 16% 135 87.5 
7 91 | 13% 135 100 
9 101 844 136 100 | 
8 81 1834 140 100 | 
10 90 1244 140 100 
LE 100 1134 140 100 
8 | 99 104% 100 100 
8 100 844 140 100 
11 101 844 140 100 
10 102 84 140 100 
8 102 814 140 100 
9 100 8 140 100 
9 90 1234 142 100 
10 99 | 914 142 | 100 


The air in the oven during all these experiments was dry. The 
thermal death point as indicated by these tests is 140° F., or between 
135 and 140° for the conditions under which these tests were made. 
The results agree closely with those of Willcocks. 


COMMERCIAL DISINFECTING MACHINES 


From the writer’s experiments it appeared that the heating of cot- 
tonseed to a temperature sufficient to kill the pink bollworms con- 
tained therein and at the same time not to injure the seed, would 
be comparatively simple. The main difficulty in perfecting a com- 


18 F, C. Willcocks. Op. cit. 
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-mercial machine was to obtain capacity equal to the output of an 

average gin and still to maintain the machine on an economical 
and effective basis. This matter was taken up actively by R. E. 
McDonald, of the Texas Department of Agriculture, and owing to 
his efforts rapid progress has been made in developing satisfactory 
machines. 

Machines developed in the United States may be grouped in two 
general classes according to the principles on which they operate. 
In the machines of one group the seed is heated by hot air and to some 
extent by contact with heated parts of the machine. Machines of 
the other group inject live steam into the seed mass itself. Tests 
were conducted with one machine of each group at Tlahualilo, in 
1922. 


DRY HEAT PROCESS 


In January, 1922, the Texas Department of Agriculture sent a 
machine of the dry-heat type to Tlahualilo and tested it there. This 
machine consisted of a large drum containing a group of steam pipes, 
all fixed on a central axle. It is set at a slight angle, and on opera- 
tion the entire machine, drum and pipes, revolves. Flanges on the 
inside of the drum carry the seed up and drop it between the steam 
es The seed moves forward through the drum on account of the 
tilt of the machine. As a result of exhaustive tests, McDonald and 
Scholl *° reached the following conclusion: ‘Our tests indicate that 
cottonseed uniformly exposed to dry heat for three and one-half 
minutes and discharged at 145° F. will be rendered free of living 
pink bollworms.”’ They found further, from numerous experiments 
detailed in their report, that injury to germination begins at a cer- 
tain temperature which is somewhere near 165° F. 

It should be mentioned that tests with commercial machines and 
laboratory tests in an electric oven do not give data directly com- 
parable. In the practical operation of a disinfecting machine, the 
machine temperature will necessarily vary according to the tem- 
perature of the seed before treatment and the quantity of seed that 
pene through the machine at any one time, the object of course 

eing to heat all the seed to a required temperature. Consequently 
the temperature of the seed on discharge must be used as the basis 
in the data obtained. With the laboratory tests, an oven in which 
constant temperature could be maintained was used, and the quan- 
tity of seed in any one test was so small that no accurate discharge 
temperatures were obtainable. ‘Therefore, in these tests the oven 
temperature forms the basis of comparison. 

The Texas Department of Agriculture left its machine at Tlahualilo 
when its tests were completed. Later, to reinforce the data, the 
writer independently conducted similar tests with the same machine. 

In these tests seed taken directly from a seed house was used. It 
was fed into the hopper by hand. Irregularity in feeding is partly 
responsible for the irregular discharge temperatures obtained and the 
Bieaences in steam pressure required to bring the seed to a certain 
temperature. A sample of from 1 to 2 bushels per test was caught 
as it came out of the machine and spread immediately on a wire 
sereen, so that it cooled as quickly as possible. After cooling, all 


Rh. . McDonald, and G. J. Scholl. Disinfecting cotton seed to prevent the spread of the pink boll- 
worm. Texas Dept. Agr. Bul. 71, pp. 38, illus. 1922. 


a 


50 BULLETIN 1374, U. S. DEPARTMENT OF AGRICULTURE 


double seed and locks of cotton were picked out of this sample and 
examined for pink bollworms. The larve found were removed from 
the seed and kept in pill boxes for a time to make certain that none 
revived. 

Results of one set of tests are given in Table 42. 


TABLE 42.—Tests conducted with a dry heat disinfecting machine for destruction 
of the pink bollworm in cottonseed 


[Time of exposure ranging from 214 minutes to 634 minutes] 


Steam . Number | Temperature - 
| ery pres- eiot oflarve | of seed on ee Gee 
- | ‘sure D in test discharge v 
4 | 
Pounds | Minutes OR: Per cent | Per cent 
| 212 8-4 215-6 25 141 -136 100 5 2 
) 237 16-15 3 -6 34 , 138 -137 Sie 2s 
216 15-11 244-514 29 142. 5-138 | 9351 ¢\- 
207 _ 20-30 234-6 21 141 -138.5 | S0750e= 
214 21-23 3-6 25 141 -139 / 100 Ze 
233 11-9 3 -6 26 139. 5-139. 5 100 ey 
234 15-21 234-6 16 139. 5-153 100 = 
217 20-20 6 -6 22 140 -140 86.4 |. | 
| 238 22-21 3-614 29 143. 5-140 LOOT A coe een ' 
243 20-21 3 6% 25 140. 5-141 967}.4 ce eee 
218 20-21 3 -6 21 141 -144.5 100 i) eee eee 
244 22-22 3 -64% 24 143 -142.5 100° bis era 
220 | 20-18 —6 27 143 -143 100) np Sa ae 
242 18-18 234-614 23 144 -143 100)2 yo) See 
221 27-25 2-6 26 146. 5-143 100 499) eae 
231 Voi, 214-614 23 148 -148 100) yh) See 
229 14-17 212-6 27 1438 -153 LOO)! 4) 722 
215 | 20-19 234-6 28 147. 5-143. 5 100°. |= 33S 
211 24-22 234-6 25 148. 5-144 100.75 lessee 
| 219 20-35 3-514 25 144 -149 100) )) 322s ee 
| 213 18-16 214-6 22 146 -145 100 75. 5 
240 25-27 3 -6% 27 145 -146.5 100 75.0 
236 | 15-21 234-534 33 145 -156 100 70. 5 
239 | 25-25 314-634 37 146 -145.5 100 81.0 
222 26-26 3-6 28 148 -145.5 100 71.0 
245 | 29-99 314-634 30 146 -147 100 80.5 
230 20-20 234-6 27 148. 5-153 100 70.0 
226 | 35-33 244-64 19 151 -149.5 100 73.5 
210 | 25 4-6 26 | 150 -150 TOO tee 
232 | 18-18 234-614 30 160 -151 100 64.0 
241 | 24-95 -6%4 18 155. 5-150. 5 100 82.0 
228 | 20-21 | 214-617 21 | 150. 5-158 100 61.5 
209 | 35-30 | —6 24 1538-151 LOO iA. e eee ee 
223 40-41 | 2} 12 154 -151.5 100 Tile 
235 33-48 344-614 20 152. 5-169 100 13:5 
208 | 40 244-6 31 153-154 LOO. 4 | Eee 
227 32-33 234-614 19 156. 5-158 100 W255 
224 63-59 3 -6% 28 161. 5-163 100 68. 0 
225 i 4440 3 -6 27 163 -166 100 eee eee 
TAWVeragels — se reo Wh UES Eee REC Rie ga Ea eed Se 72.6 
‘Average 6imtreated, Checks 3= 6 eee os eee ee nn eee 74. 8 


Steam pressure readings were taken at the beginning and at the 
end of each test. The difference between the two readings which 
usually occurred can be ascribed to difference in boiler pressure. 
The greater pressure required in some tests than in others, though 
the same discharge temperatures were obtained, was due either to 
difference in feeding or to absorption of heat by the machine, which 
usually took place for some time after steam was first applied each 
day. The time of exposure was ascertained by dropping a handful 
of colored seed into the hopper while the machine was in operation. 
The time required for the first and the last of these seed to pass 
through gave the two readings. Both extremes represent only single 
scattered seeds, the majority coming out within a period of about 
one minute. In the column “‘ Number of larvee in test” are included 
only larve that were alive before the seed was treated. 'Tempera- 
ture records were obtained by catching one bucket of seed immedi- 
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- ately before and one immediately after the sample for examination 
was taken, and determining the temperature of the seed in these 
buckets. The difference between the two temperatures in most of the 
tests can likewise be ascribed to differences in feeding and to varia- 
tions in steam pressure. The temperature readings should more or 
less represent the minimum and maximum for each sample examined. 
Next, a series of tests was conducted in which the period of ex- 
posure was decreased by lowering the discharge end of the machine. 
Otherwise the method of operation was identical with that in the 
first set of tests. The results are given in Table 43. 


TaBLeE 43.—Tests conducted with a dry-heat disinfecting machine for destruction of 
the pink bollworm in cotton seed 


[Time of exposure ranging from 1 minute to 314 minutes] 
Test | Steam | Time of 
No. | pressure | exposure 


Number | Temperature 
of larve | of seed on dis-|Mortality 
in test charge 


Pounds | Minutes Degrees F. ~| Per cent 
256 33-36 | 114-214 (Q) 130 -132.5 1 
255 37 | 114-914 17 | 139 -138 70. 6 
257 39-39 | 1144-2 | 20 | 141 -140.5 100 
252 26-26 | 114-316 | 19 | 141. 5-144 100 
258 47-45 | 144-214 | 26 146. 5-143 96. 1 
254 40-88 , 1 -2% | 14 148 -143.5 100 
259 49-48 | 114-214 36 | 148 -145 100 
253 35-37 


1 2% 32 147 -151 100 


1 No examination. 


The result shown in these two tables tends to substantiate the con- 
clusion, drawn by McDonald and Scholl,” that seed exposed to dry 
heat so that it attains a temperature of 145° F. in a period of 3% 
minutes is effectively disinfected.* That 100 per cent mortality 
is not obtained by shorter exposures, even though a temperature of 
145° is recorded, is no doubt due to the fact that the interior of 
individual seeds, when immediately cooled, does not attain the 
temperature recorded by the seed if bulked for a short time after 
exposure. 

LIVE-STEAM PROCESS 


The type of machine just discussed, although found to be effective, 
heats the seed rather slowly. Also, a machine of greater capacity 
was desired to meet the needs of large gins !® where the installation 
of machines of the first type with proper capacity would be an 
oe item. To meet these requirements a machine was de- 
veloped in which the seed is heated by injecting live steam into the 
seed mass. Much more rapid heating is brought about in this 
manner. A machine of this type was sent to Tlahualilo and tested 
by J. C. Woodward. . 

The machine consisted of three inclosed 10-inch screw conveyors. 
The seed is fed into one end of the top conveyor and is discharged 
at the opposite end of the bottom conveyor. Immediately under- 
neath Sah conveyor is a partly inclosed steam pipe. In the upper 
side of this pipe are a number of small perforations through which 


7 R. E. McDonald, and G.J. Scholl. Op. cit. 

4 In experiment No. 258, a temperature of 145° I’. was reached, but the mortality was less than 100 per 
cent. It will be noted, however, that the exposure was only 24 minutes, 

19 Later experiments have shown that the capacity of the machine can be increased indefinitely by in- 
creasing its size. 
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steam is injected directly into the moving seed mass in the con- 
veyor. A regulating valve controls the quantity of steam passing 
into the conveyors, and other valves serve to cut off the steam from 
any of the conveyors altogether, if desired. A thermometer with 
the bulb fixed near the discharge end of the machine records the 
temperature of the seed as it passes out of the machine. 

In testing this machine it was learned that the seed is very un- 
evenly heated while passing over the perforated pipes. Some seeds 
are hit directly by a jet of steam; others pass entirely through the 
conveyor without being hit directly. But at the same time the 
vapor is thoroughly mixed with the seed. When the seed is run 
directly from a heated conveyor into a sack, the temperature im- 
mediately rises very high, but soon drops again. The first high 
reading evidently is due to the vapor and the hot outside walls of 
the seed. When the seed is left in bulk for a short time, this heat 
penetrates to the inside of the individual seeds, causing a lower but 
more even temperature throughout the seed mass, and a consequent 
falling of the temperature. If this is true, it explains the fact that 
treatment in a single conveyor, even though giving a temperature 
in a sacked sample high enough to kill the pink bollworm, fails to 
lall if the seed is immediately cooled. 

A.number of series of tests were conducted with this machine 
operated at different speeds and steam pressures, and with steam 
injected into different conveyors. The procedure followed was 
similar to that with the dry-heat machine. The machine was fed by 
hand. Samples for examination were caught on a screen and imme- 
diately cooled, the double seed picked out and examined. Between 
each two samples for examination, a sample for temperature readings 
was taken. Thus in the records, with a few exceptions, two tempera- 
tures are given for each test, as in the tests with the other machine. 

The results of these tests are given in Table 44. 


TaBLE 44.—Resulis of treatment of cottonseed in live-steam disinfecting machine 
SERIES 1 


[Speed of machine, 42 revolutions per minute. Time of exposure, 1 minute 5 seconds. Steam admitted 
into two upper conveyors only 


Number | Seed tempera- Number | Seed tempera- 
Rees oflarve | ture on ae ie of larve ture on pene 
‘| intests | discharge "| intests | discharge 
| | °F, Per cent oF. Per cent 
18 6 136 -141 100 45 56 | 145 -149 100 
47 65 1438 -137 100 42 69 146 -14514 100 
| 41 10 | 140 -1388 80 34 42 | 151 -14544 100 
19 7 | 141 -140 100 11 14 | 6 100 
40 17 | 14414140 100 23 22 | 148 100 
37 11 141 -143 100 25 55 | 148 100 
| 44 44 | 141 -145 100 22 20 | 150 -148 100 
| 36 13 145 -141 100 13 6 14844 100 
43 47 | 14514-141 100 21 16 | 149 -150 100 
15 7 14514-14114 100 12 4 | 150 100 
16 5 14114-146 100 24 54 | 150 100 
14 8 142 100 28 54 | 150 -152 100 
48 43 14214 197.6 27 41 154 -150 100 
38 15 148 -144 100 33 33° | «:152) 151 100 
46 38 | 149 -143 100 30 48 | 154 -151 100 
20 18 144 100 31 42 151 -155 100 
39 13 144 -144144 100 29 56 152 -154 100 
26 32 144 -154 100 32 46 155 -152 100 
35 14 148 -145 100 17 5 | 153 -154 100 


1 The only living larva found in this sample was crawling on the treated sample 
and probably had not passed through the machine. 
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Taste 44.—Results of treatment of cottonseed in live-steam disinfecting 
machine—Continued 


SERIES 2 


[Speed of machine, 50 revolutions per minute. Time of exposure, 55 seconds. Steam admitted into two 
upper conveyors only] 


i | i 
Number | Seed tempera- |} \| Number | Seed tempera- 
ae of larvee ture on Ne i Re of larvee ture on aie 
* | in tests discharge h * | in tests discharge 

OTe, Per cent || He Per cent 

52 103 138 100 55 141 146 -145 100 
51 115 138 -138 ; 100 || 53 98 145 -147 100 
50 56 141 -1388 | 100 | 123 44 14514-148 100 
121 39 13844 94.8 120 40 146 100 
127 22 139 100 54 84 147 -146 100 
117 36 141 100 125 43 | 14614-147 100 
49 89 149 -141 100 124 32 148 -14614 100 
128 28 14144 100 | 122 27 147 100 
118 33 142 100 126 32 147 -147 100 
57 109 143 -142 99 119 22 14914 100 
56 118 145 -143 100 | 180 24 152 -1524% 100 
129 26 144 -152 100 | 131 27 15214-152 100 

SERIES 3 


[Speed of machine, 55 to 56 revolutions per minute. Time of exposure, 49 seconds. Steam admitted into 
two upper conveyors only] 


TH. Per cent SE, Per cent 


106 46 140 100 109 32 152 -149 100 
105 73 141 -140 100 108 57 150 100 
104 101 146 -14) 99 111 48 150 -155 100 
102 61 145 100 114 50 151144-152 100 
103 61 149 -146 100 113 24 153 -15114 100 
116 44 148 -150 100 107 57 152 100 
115 82 152 -148 96. 3 112 43 155 -153 100 
110 43 149 -150 100 101 57 154 100 
i 
SERIES 4 


[Speed of machine, 60 revolutions per minute. Time of exposure, 47 seconds. Steam admitted into two 
upper conveyors only] 


| | oH. Per cent on Per cent 
58 143 136 -140 100 90 52 143-145 100 
98 91 138 90.9 || 92 42 146 -14314| 100 
99 57 138 -140% 94.7 95 41 149 -14314| 100 
100 61 | 14014-138 100 84 42 144 -145 97.6 
62 108 141 -138 87.9 33 28 147-144 100 
73 62 | 138 -142 100 69 89 149 -144 100 
72 85 143 -138 98.8 91 49 145 -146 100 
85 45 | 145 -138 91 64 33 145 -146 100 
86 32 | 138 -146 $4.3 63 34 149 -145 100 
71 94 142 -139 98.9 93 33 145144 | 100 
82 33 | 139 -147 100 94 50 146 100 
81 36 149 -139 97.1 65 68 146 -149 100 
59 111 | 140 -141 94.5 68 49 149 -149 100 
83 a1 | 140% 95. 2 66 46 149 -150 100 
80 29 | 140 -149 100 67 60 150 -149 100 
60 75 | 141 -142 100 75 82 152 -15314| 100 
61 57 | 142 -141 98, 2 74 83 15514-1562 100 
97 67 142 100 78 47 153 -154 100 
70 76 | 144 -142 97.3 77 60 155 -153 100 
87 53 | 146 -142 98, 1 76 70 15314-155 100 
89 29 | 14214} 100 79 30 154 100 
96 30 | 14314-143 100 
SERIES 5 


[Speed of machine, 40 revolutions per minute. ‘Time of exposure,!1 minute 8 seconds. Steam admitted 
into two lower conveyors only] 


| 


iif Per cent 


l 
r on, | Per cent 
138 27 137 | 81.4 || 141 76 144 84.2 
135 22 | 138 | 100 || 134 20 154 100 
139 30 138-142 93.9 || 186 28 160 96.4 
| 142 | 59 | 139 | 898 || 182 33 162 100 
| 137 26 140 100 ‘|| :138 37 166 100 


| 140 | 6A | 142-1474 73.4 


1 Actual exposure is only about 46 seconds on account of no steam reaching the seed 
until it entered the second section of conveyor. 
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TABLE 44.—Resulis of treatment of cottonseed in live-steam disinfecting 
machine—Continued 
SERIES 6 


]Speed of machine, 40 revolutions per minute. Timein machine, 1 minute 8 seconds. Steam admitted 
into top conveyor only] 


| 
Number | Seed tempera- Number | Seed tempera- ) 
Test | of larve | ture on ae Test | oflarve | ture on Lae 
* | in tests discharge | * | in tests discharge 
| 
She Per cent oe Per cent 
165 260 Psi 135 100 169 18 154 -146 SOON 
163 | HGS el OOmi—loreens| 100 || 151 De la SER 100 
162 | 30 142 -136 | 100 || 150 26 15114-147 100 | 
164 8 137-137 | 100 || 157 26 | 148 100 | 
143 20 139 100 | 166 24 | 148 100 
175 28 13914-140 100 || 145 14 148 -148 160 
174 21 | 140 -139%4 100 155 27 149 -148 100 | 
173 22 140 -140 100 || 154 39 149 100 
172 13 | 142 -140 100 || 144 21 14914 100 | 
161 53 142 -142 | 100 | 146 17 150 100 | 
159 29 | 142 -143 100 || 153. | 20 | 151% 100 | 
160 | 19 | 143 -142 100 || 149 10 | 153 -15114 100 
158 26 146 -142 100 | 167 18 153 100 
171 20 147 -142 | 100 || 168 28 153-154 100 | 
170 33 143 2 100 || 148 24 15714-153 100 | 
152 32 | 147 -144 100 || 147 | 24 158 -15714 100 | 
156 29 | 148 -146 | 100 | 
! I i | 
‘ 
SERIES 7 


[Speed of machine, 50 revolutions per minute. Time of exposure, 55 seconds. Steam admitted into top 
conveyor only] 


Cae | Per cent SUR. Per cent 
186 17 | 138 -132 82.3 191 16} 147 -140 100 
178 25 | 13314-135 96 187 7 14144 100 
179 17 135 -153 100 195 11 | 14214-146 100 
177 33 136 96. 9 194 8 147 -142144 100 
176 13 136 100 182 13 143 -145 100 
185 31 138 -138 100 181 22 15144-143 100 
192 17 | 140 -138 94 190 10 | 144 -147 100 
184 29 140 -138 100 189 15 147 -144 100 
193 13 138 -147 100 188 13 14714 100 
183 20 | 145 -140 100 180 19 | 153 -151% 100 
196 il 146 -140 100 

SERIES 8 


[Speed of machine, 60 revolutions per minute. Time of exposure, 47 seconds. Steam admitted into top 
conveyor only] 


| 

oe Per cent | | ois Per cent 
206 8 138 100 | 200 | 10 143-143 100 
207 10 139 100 j| 201 | 16 143-145 93. 7 
208 16 139-140 93.7 || 199 10 145-143 100 
209 16 140-142 100 Hh 205") 22 150-143 100 
213 30 141-141 | 100 || 218 | 22 150-143 100 
214 22 141-141 100 \| 197 | 10 144 100 
215 | 25 141-141 100 || 198°} 9 145 100 
219 | 15 143-141 100 202 | 9 145-147 | 100 
212 | 12 144-141 100 203 | 12 147-147 100 
216 | 18 141-150 100 \| 204 13 147-147 | 100 | 
210 | 20 142-142 100 | 217 | 10 150-150 100 | 
211 iy 142-144 100 | | 


The record of time of exposure in all the series referred to the time 
required for the seed to pass entirely through the machines, regard- 
less of which conveyors it was exposed to steam in. It was the pur- 
pose to show in these tests a range of temperatures from which the 
safe minimum temperature giving 100 per cent mortality at a given 


time of exposure might be determined. Owing to irregular boiler 
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pressure and feeding, however, it was difficult to obtain a certain 
- desired temperature in any one test, and the temperatures obtained 
in any series were usually very irregular. To this same irregularity 
in steam pressure and feeding can be ascribed the wide variations in 
temperature indicated in some of the individual samples. 

In the tests recorded in series 1, 2, 3, and 4 steam was admitted 
into the upper two conveyors of the machine only. The results in 
these four series show the maximum temperatures that failed to give 
100 per cent mortality for the respective periods of exposure to be as 
follows: 

Series 1, 1 minute, 5 seconds, 14214° F. 
Series 2, 55 seconds, 148° F. to 142° F. 
Series 3, 49 seconds, 152° F. to 148° F. 
Series 4, 47 seconds, 144° F. to 145° F. 

In series 5 steam was admitted into the two lower conveyors only 
and the seed required 1 minute and 8 seconds to pass through the 
machine. This would of course be equivalent to a machine with two 
conveyors only and an exposure of about 46 seconds. In series 6, 7, 
and 8 steam was admitted into the top conveyor only. The results 
in these series show the maximum temperatures that failed to give 
100 per cent to be as follows: 

Series 5, 1 minute, 8 seconds (46 sec.), 160° F. 
Series 6, 1 minute, 8 seconds (all 100 per cent). 
Series 7, 55 seconds, 140° F. to 138° F. 
Series 8, 47 seconds, 148° F. to 145° F. 

These eight series throw considerable ight upon the action of a 
machine of this type. In series 1 and series 5 the time of exposure is 
the same, or practically the same, and in each steam is admitted into 
two sections of conveyor. Under equal pressure this should heat the 
seed equally. Yet series 5 shows a failure at 160° F., and in series 1 
14214° is the maximum that did not give 100 per cent mortality, 
and it is a doubtful record. Other tests in series 5 compare with 
those in series 1 in a similar way. This brings out the point already 
mentioned, that the record obtained immediately after exposure does 
not show the temperature attained by the inside of individual seeds. 

From this it may be concluded that, in the test in series 5, enough 
steam had been injected into the seed mass to raise the seed to a 
temperature sufficient to kill the pik bollworm, were it bulked 
long enough to allow even heating throughout the mass by absorp- 
tion. This at the same time explains the better results obtained 
when steam was admitted into the ae conveyors only, giving 
opper unity for absorption of heat while the seed was passing 
through the lower dry conveyors. 

The results obtained in these tests warrant the conclusion that a 
machine of this type will be successful if operated so that the seed 
is discharged at a temperature of not less than 145° F. after an 
exposure of at least one minute, during the first half of which it is 
izacted to steam, the remaining time being allowed for penetra- 
tion of the heat to the larva inside the seed. The temperature 
record should be obtained at a point near the discharge end of the 
machine. 

EFFECT OF LIVE-STEAM TREATMENT ON GERMINATION 


A number of germination tests with samples taken from the series 
of tests just discussed were made. ‘The results are given in Table 45. 
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These tests were conducted a few days after the seed was treated. 
They show plainly that the treated seed was not damaged when 
cooled immediately. — 


TaBLE 45.—Percentage of germination of seed after treatment in live-steam machine 


Germination Germination 
Seed tem- ee acinus | alee eum NNR uN NIT| ES Yereve bake yaals P F eM 
perature on aime ity perature on ae 
discharge Heated| Check discharge Heated | Check 
seed seed seed seed 
O79) Min. sec.|Per cent| Per cent Oe Min. sec. | Per cent| Per cent 
136 -140___- 47 77 77 4G 2. Se Sea: 1 20 85 87 
143 ee teeny 1 20 89 87 146i See 1 20 90 87 
143 -145___- 55 80 85 a pas 1 20 82 76 
144 -147____ 55 87 85 149) 522 ee Les 88 85 
145. 5-141. 5__ LO. 84 85 GS pS ae i 20) 79 76 
14d=ry ey 1 20 79 76 LOSE eRe a no 92 91 
4) ht aides iL By) 81 87 Th CS | TL 80 78 
Yer ee et 1 20 87 87 152: 56-1522 -_ _ 55 81 80 
145 Ue CeeU EN 1 BY) 89 76 Tage ee ae 46 77 80 
MG apes ya acpi! 120 89 76 — = 
AB Gs de Fe 47 83 79 Averagewal. eee. bau 83. 9 82.0 
| 


An experiment was performed to determine the time required for 
seed to cool if bulked immediately after treatment. Several tons of 
seed were treated, admitting steam only into the top conveyor, and 
bulked in the corner of the seed house. ‘The seed registered a tem- 
perature on discharge ranging from about 140 to 152° F. After 
bulking, a recording thermometer was inserted into the seed pile. 
The readings obtained are shown graphically in Figure 13. A curve 
showing the mean daily outside air temperature during the period is 
also given. The difference between the temperature at discharge 
and that after bulking was probably caused by absorption of heat 
after leaving the machine and by loss incurred while the seed was 
carried in sacks and emptied in the corner of the seed house. 

Germination tests of some of this seed were made, using one un- 
treated sample, one treated sample that was cooled immediately, 
and one sample that was kept in bulk from December 15 to 30. 
These germination tests to date of this writing (April, 1923) resulted 
as shown in Table 46. 


TaBLE 46.—Percentage of germination of seed treated in live-steam machine 


January,| Febru- | March 
Sample 1993’ | ary,1923| 1993 ° 


| Percent | Percent | Per cent 
85 94 98 


(OU eV cfel seh Sa nD a IR Se asi Te imo spl Lp iis Eee denen el 2s} dn a a 8 Se 
Cooledammedtately ye eee ee LL ee Ree oi een ae EN 86 94 93 
Binlkedh Dect V5 tO sO Sew oe eRe NAN ee YE ea mse eee ew A 87 92 97 


According to the above results, no harm follows bulking of seed 
immediately after treatment with live steam. 


AMOUNT OF MOISTURE ABSORBED BY SEED IN LIVE-STEAM TREATMENT 


Several tests were made with the live-steam machine to determine 
the amount of water absorbed by seed on treatment. Quantities of 
seed were weighed before treating and again after treating. The 
results are given in Table 47. 
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Taste 47.—Absorption of moisture by seed treated in live-steam machine 


Weight of seed— | 


: Steam 
Time in ; Banile . 
machine Bes Before | After Gain in weight 
treat- treat- 
ment | ment 
| | 
M. sec. | Pounds | Pounds | Pounds | Pounds | Per cent 
1 5 50 1, 187 | 1,172 35 3. 08 
1 5 50 781 | 814 33 4.2 
55 55 782.8 804 21. 2 2.7 
55 70 | 846.6 | 861. 2 14.6 1.7 


In the first three tests steam was admitted into two sections of the 
conveyor, and in the last into only one. The temperatures recorded 
in these tests ranged from 144to150°F. It appears from the results 
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Fic. 13.—Cooling of seed treated with live steam and bulked immediately after treatment 


that the amount of moisture absorbed decreases when the time of 
actual subjection to steam is reduced, even though the steam pressure 
has to be increased to give sufficient heat. . 


PRACTICAL USE OF DISINFECTING MACHINES 


Under the State regulations, disinfecting machines were installed 
at all the gins during 1922 in all of the regulated zones in Texas. 
Twenty-three of these machines were of the dry-heat type and 14 
of the live-steam type. Altogether about 23,000 tons of seed were 
treated. There were no interruptions and machines were found to 
be entirely practicable. 

Dry-heat machines costing about $500 each had a capacity in the 
larger size as high as 10 bushels per minute. Three horsepower was 
required to operate this machine. The expense of operation ranged 
from 10 to 25 cents per ton of seed. 
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The live-steam machine was found under practical working con- 
ditions to have a capacity of 5 bushels per minute and required not 
more than two horsepower. The cost of operation was about the 
same as in the case of the dry-heat machine. 

Continuous series of germination tests were made during the 
operation of these machines. There were no indications of any 
appreciable reduction in the vitality of the seed. 
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Fic. 14.—Number of infested cotton blooms per acre in poisoned and check plats, 1921 experiments, 
as shown by weekly examinations. First examination made six days after treatment began 


POISONING EXPERIMENTS 


The habits of the newly hatched pink bollworm larva suggest that 
there may be an opportunity to kill it by means of poison before 
it enters the boll or while it is attempting to enter. Hxperiments 
were instituted at Tlahualilo to determine whether any degree of 
control could be attained by dusting with arsenical poisons. 

In 1921, nine separate plats in large cotton fields were treated, 
seven of these with calcium arsenate and two with arsenite of zinc. 
Records were kept at the same time on an equal number of check 
plats of equal size. As the purpose of these first experiments was 
to determine whether any control could be attained, no attempt was 
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- made to do the work on a commercially profitable basis. On the 

contrary, the plan followed was to keep the plants thoroughly covered 
with poison Farina the entire period of treatment. Suinvto of the 
ee were dusted with hand guns and others with 2-row mule dusting 
machines. 
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Fic. 15.—Progress of the infestation of green bolls in poisoned and check plats as shown by weekly 
examinations, 1921 poison tests 


The air in the Laguna district is very dry and there is considerable 
wind. It was therefore found that applications must be made every 
five days in order to keep the plants fairly well covered with poison. 
Applications were repeated after rains. A period of calm lasting 
an hour, more or less, usually occurs at 5 or 6 o’clock in the morning, 
and the applications were made at that time. Dew was usually 


absent or so light as to be hardly noticeable. The conditions for 
dusting were therefore far from ideal. 

The 1921 plats may be divided into three groups. Poisoning on 
those of the frst group (plats 2, 6, 10, and 14) began about the middle 
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of June, a few days before blooming started. Treatment of the 
plats in the second group (plats 4, 8, 12, and 16) began in the latter 
part of July. At that time the first bolls were about three-fourths 
grown. In the third group (plat 18) poisoning began near the end of 
August, when the infestation averaged 2.96 worms per boll. Appli- 
cations were continued on all plats until nearly all bolls were open. 

In the beginning, records of infestation were obtained by examining 
blooms. But after bolls developed this record was replaced by boll 
examinations, which were made weekly. Figure 14 shows the devel- 
opment of the infestation in blooms in the plats of group 1 and the 
corresponding check plats. According to this record the treatment. 
caused a very aii sols check in the infestation. 

The progress of boll infestation, by groups of plats, is shown graphi- 
cally in Figure 15. 

A general summary of the experiments is given in Table 48. These 
records show definitely that the infestation was reduced by poisoning. 
The earlier the treatment was commenced the greater the reduction 
obtained. Treatment begun very late had practically no effect, 
as shown in Group 3, plats 17 and 18. The sudden rise in numbers, 
of worms per boll in the plats of Group 2 (fig. 15) at the last examina- 
tion was due to scarcity of bolis. Very few bolls were left on the 
plats at this time. This, however, was an abnormal record, not 
comparing with the previous showing of the plats. In the table, 
therefore, the next to the last instead of the last examination is given 
for plats 18, 14, 15, and 16, to show the maximum reduction in 
infestation due to the treatment. 


TaBLE 48.—Summary of poisoning tests, 1921 


Infestation 
Date of application pounds last _ Per- 
i PP examination | cent- 
| um- age = < 
Pla: ber of ] non-| Classification 
= Treatment /| Acres ap- apie of lint 
No. Per- | pick- 
plica- Wiocns t bl samples 
i tions | Per ve del eee: 
First Last |Total ace per age | cot- 
boll jdiffer-| ton 
ence 
if { 
Ta n@ hecksee sees Ta bash eas ne ronan i hoe A te ese SSPE 146 pee 9.3) Middling. _ 
2| Calcium ar-| 1 June 15 | Aug. 23 16! 152.5} 9.5 1.92) 44.5] 3.3] Strict middling. 
senate | 
Sane hecks= sass AS ES oe ee || See eee 3302|===—= 6.9 Do. i 
4| Calcium ar-/} 1.11) July 20 | Aug. 23 | 8| 84.75) 9.5 2.88) 24.6) 5.3) Good middling. 
senate 
9 | Check_.-_-_.-- PRS | eee ae aie ee Oa BN22) a eas 8.0 Do. 
10 | Calcium ar-| 1 June 15 | Aug. 23 16/124. 25) 7.8 2.44; 24.2) 6.0 Do. 
senate. . 
lee Checkaaees aes SL LS [Ses ey eee yea [Valet | peeing | Reon em S04 eee 7.7| Strict middling. 
12 | Calcium ar-| 1.11) July 20 | Aug. 23 | 8| 84.75) 9.5 SA TEE 768 Do. 
senate | 
13m i@hecksa esas OTe Wiser et LOS | eee eee |e ee 17416 | seen 11.0 IDO, 
14 | Calcium ar-| 1.07] June 25/| Sept.14| 19)181.25) 8.9} 11.66) 60.1} 6.8) Good middling 
senate | 
Lol @hecks. oe na Uy ese ®t PB oh Ya oo | a 308 peceeee 9.0) Strict middling. 
16; Calcium ar-| 1.07, July 24 | Sept. 14 12) 112.0 8.7) 14.52) 58.7; 4.5) Good middling. 
senate | | 
17 | Check_-__-__-_- 2: AG |S Sa NEE 3 | ee es He Sd 6398) ses ae8 14.8 
18 | Calcium ar-| 2.16) Aug. 26 | Sept. 30 9; 229.0) 11.8) 6.8 2.6; 10.8 
senate | 
5 | Check__-.._.- 0: 6) Ml > ewleeree yah A | aoe es 7 lpi. Balars eam 6.7| Strict middling. 
6 | Arsenite of | 0.66 June 15 | Aug. 23 | 16} 134. 0} 12.7; 2.38) 50.4) 4.4) Good middling. 
zine. | eet 
7 | Check_.--_-_- 0566/02) Se) A ale aie ee} oo ae | 4,18) 2828 7.0) Strict middling. 
8 | Arsenite of | 0.66) July 19 | Aug. 28 | 8 60.0, oe 3.14; 24.9) 5.5) Good middling. 
zine. | i 
i } 


1 These were the next to last examination. 
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_ Treatment of the cotton, particularly in the early plats, was 

followed by aphid infestation, which reduced the yield considerably. 
On this account the yields of the early-treated plats were for the 
most part lower than those of the check plats. There was a slight 
increase in yield of the treated plats of the second group. 

Poisoning experiments were continued in 1922, but on a slightly 
different basis. Instead of making applications of poison on all 
plats till the end of the season, an equal number of treatments was 
given each plat, but during different parts of the season. Most of 
the plats were arranged in several six-plat series with two check 
plats to the series. ‘Treatments on each series covered a period of 16 
applications at five-day intervals. One such series then consisted of 
the following: 

Plat 1, check. 
2, first 7 applications. 
3, applications Nos. 4 to 10, inclusive. 
4, applications Nos. 7 to 13, inclusive. 
5, applications Nos. 10 to 16, inclusive. 
6, check. 

Infestation records were kept on each plat throughout the season. 
In addition to the use of calcium arsenate and arsenite of zinc in 
different series, one entire series was treated with lead arsenate. 

Although a considerable volume of data was obtained in the 1922 
experiments, no very definite conclusions could be drawn other than 
those drawn from the 1921 experiments. The plats receiving the 
early applications showed a greater percentage reduction in infesta- 
tion during the period of treatment than later ones, amounting in 
some individual examinations to more than 50 percent. But after the 
period of treatment the infestation rose again. The later applications 
on the other hand caused a greater reduction in actual number of 
worms per boll, and an average of all the examinations in each plat 
showed a lower number of worms per boll in the later plats. ‘This 
point is illustrated in Table 49, in which are summarized data from 
2 complete and 1 incomplete 6-plot series. 


TaBLe 49.—Summary of Series D, E, and G, 1922 poison tests 


Aver- | Daily average : 
age number of | Bolls per plant| eld eee pen Per- 
num- | blooms per acre cent- 
Plat Poison eoeE Or an ne — - ee 
No. applications ‘sete : : ‘Tale 
Dp Fi Secona| First |Second| First | Second p 
per Oe | eae |Grop.| Pick- | pick- | pick- | pick- | Total | (Pl 
Hon | ing ing ing ing 
— = — — | _ — ---—— EE —— = — 
Wand 6)2)\ Notte. 20s scl. 3. 89 6,211 | 2,989 5,17 2, 22 1, 062 48 1, 110 13. 4 
fag ae dd, 8 Loe Uy Ci] 1 a a 3. 07 6,676 | 2,592 5. 97 2.02 1, 275 69 1, 344 10. 6 
$_...----| 4 to 10, inclusive-_- 3. 04 6, 687 8, 363 5,56 | 2.54 1, 172 142 1,314 13. 2 
4__._.-..| 7 to 13, inclusive__| 3.00 6, 341 8, 302 5. 80 2.91 1, 074 186 1, 260 11.5 
Pee 10 to 16, inclusive-.| 2, 89 6, 128 3, 154 5, 50 3. 04 1, 076 188 1, 214 13.3 


Aphid damage in 1922 was checked by dusting with nicotine 
ialphats preparations. As many as three applications were necessary 
on some of the series. Whenever an application on one plat became 
necessary, all plats in the series were treated, checks included, so 
that any action of the nicotine on the pink bollworm would be the 
.same for all plats. 
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The records show increases in yield for all the treated plats, the 
increase being greatest in the plats that received early treatment. 
Records of blooming and bolls produced should be considered in 
- connection with the yields. Bloom counts were made weekly in each 

lat, and bolls were counted just before the first pick and shortly 
before the second pick. The individual plat averages for both 
blooms and bolls of the first crop are comparable among themselves 
about as the yields of the first pick in the same plats. This holds 
true, more or less, also with the second crop of blooms and bolls and 
the yields of the second pick. According to these records the increase 
in yield of the treated ais can not be ascribed entirely to reduction 
of the pink bollworm damage, but the poisoning evidently reduced 
the infestation. . 

Hach boll count represents an average from 50 plants at each of 3 
oints per plat. The count of the first crop of bolls included only 
ale that were open just before the first picking. All of the first- 
crop bolls were open at this time, but hardly any of those of the 
second crop. Boll counts for the second crop were made several 
weeks before the second picking and included both open and nearly 
grown green bolls. No doubt the shedding of some of these green 
bolls and the failure of others to open by the time of the second 
picking, the smaller size of the bolls of the second crop, and the non- 
pickable cotton practically all of which was of the second growth, all 
contributed toward the much greater difference that is found between 
the yields of the first and the second picking than that found between 

the records of total bolls of the first and of the second crop. 

Of three other series of poison tests conducted in 1922, two showed 
increases in yield in treated plats. In the third there was a very 
slight decrease. 


COMPARATIVE EFFECTIVENESS OF DIFFERENT POISONS 


Reduction in infestation was brought about by all three poisons 
used in 1922. Sufficient experiments have not been made to deter- 
mine whether one is more effective than the others. Because the 
6-plat series treated with arsenite of zine was left incomplete, a 
comparison of the effectiveness of the three kinds of poison can be 
based only on the results obtained in the two latest poisoned plats in 
each of three 6-plat series on which different poisons were used. 
This comparison of the poisons is shown in Table 50. 


TaBLE 50.—Comparison of average infestation in plats treated with different kinds 


of poison 
| Average number of worms per 
boll per examination 
Plat No. Treatment 
| Calcium | Arsenite| Lead 
| arsenate | of zine | arsenate 
| | 
land (622522 fue CCK a. PERL Fb ee a Sos 15.13 15,13 15.13 
ERS a ae eae At Aue. 9 fo Sephagiae =o. > ts a Bo 4, 29 4,30 4,19 
fet cy ee ATP OOo Septa6) 021 lin OMIERSEEET ek aS 4.07 4.17 | 4.15 


14 verage of checks, all series. 
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The differences here are so slight that the effectiveness of all the 
_ poisons must be considered about the same. In the records for 1921 
(Table 48, plats 2, 4, 6, and 8) the effectiveness of calcium arsenate 
and that of arsenite of zinc compare in a similar wav. 


ACTION OF THE POISON ON THE PINK BOLLWORM 


Tn the fall of 1922 experiments were begun to determine the manner 
in which the application of arsenicals to cotton reduces the pink boll- 
worm infestation. It was planned to determine by applications of 
dust, in one case to the entire plant except the bolls, and in another 
to the bolls only, whether the young larve are killed while they feed on 
the foliage or while they attempt to enter the boll. A few plants 
were selected for each test and young bolls on them labeled, including 
bolls on separate plants to serve as checks. Applications of dust 
were made every five days and repeated after rains. An exami- 
nation of 50 small bolls as a check at the beginning of the experiment 
showed an average of 0.38 worm per boll. ‘The results of this experi- 
ment are summarized in Table 51. 


Tassie 51.—Effect on pink bollworm infestation of the application of calcium 
arsenate dust on bolls only and on the rest of the plant only 


| Eggs and eggshells Larve and 

| on bolls exit holes 
Dead 

: Num- 
Part of plant dusted Berod Guineats ber of es larvee 
bolls Total a 

| Total ege- | 22 | Total Het bolls 

eggs per 0) 

shells boll 

Entire plant except bolls___.---_- NODE tOm0se == 100 96 | 0.99} 209) 2.09 13 
fA Re es ah ee oon MIN ONG Me cee ee ne 82 46 227 3. 33 277 3.38 | 17 
LT apr hi ae ee eee ee Sept. 1 to Oct. 3___ 50 4 30 .68 | 185°} 38.70 6 
(02. eS ee INOne 2 yee = ae 58 55 242 | 5,12 256 | 4.41 | 9 
PERL PEM OUINCHPCES” of a 22th oe Lot oe ee ell AS07562 B80) |aseeee 


Reduction in infestation was brought about in both cases, but it 
was more marked where the foliage was dusted than where the bolls 
only were dusted. It would appear that young larve were killed 
both while feeding on the foliage of dusted plants and while entering 
the bolls. But the most striking point in the results is the great 
reduction in the number of eggs found on the bolls after dusting. 
This was found to be the case also in the examination of bolls from 
plats in the other poison tests. It suggests that. the reduction in 
infestation may not have been brought about at all by killing of the 
larve, but by repelling the moths. This point should be closely 
studied in connection with further dusting experiments. 


SUMMARY 


An average annual loss of from 20 to 25 per cent of the cotton 
crop has been caused by the pink bollworm in Mexico, since the 
infestation attained maximum development. There is a reduction 
in both the quantity of the total crop picked and the quality of the 
lint and seed marketed. 
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The pink bollworm begins its attack on the early squares. From 
this beginning the numbers of the insect increase with regularity 
until at the height of the season four or more larve per boll is a 
common average and all late bolls are rendered practically valueless. 
The enormous numbers of larve that go into hibernation in stored 
seed and in the bolls and soil in the field insure the presence of 
sufficient adults to begin the attack the following spring. 

In the summer the larva leaves the boll to pupate. About 80 per 
cent pupate in the soil, the remainder in and under plant material 
on the surface of thesoil. (Table3.) The majority of the larve are 
found within the first 2 inches of soil (Table 4), and more of them 
immediately under the plants than between the rows (Table 5). As 
many as 83 living larve and pupz have been found in 1 square 
yard of soil. (Table 6.) Suaih meee hibernate in the soil. In some 
instances over 20 living larve were found per square yard of soil 
in the field in winter. (Table 7.) 

The common manner of dispersal is through the carriage of in- 
fested seed by man. Experiments have shown that isolated plant- 
ings of cotton even as far as 40 miles from the nearest source of 
infestation readily became infested where chances of carriage by 
man were meager but by no means excluded. 

The mortality among newly hatched larve is great (p. 31). Of 
the larve entering the soil for pupation during the summer, 19.7 
per cent were found to die (p. 32). The attacks of parasites on 
the pink bollworm in Mexico are spasmodic and as yet have not 
proved of any importance (p. 36). The mortality of resting larvee 
in the field during winter and early spring is great, and when fields 
are flooded in winter hardly any survive. (Table 28.) 

When fields are cleaned in fall and winter and bolls that are shed 
remain on the soil, many larve leave these bolls and enter the soil 
for hibernation. (Table37.) The survival of larve during the winter 
is much greater in bolls on stalks in the field than in bolls on the 
surface of the soil (Tables 8 and 9), showing plainly the advantage 
of cutting and burning old stalks. 

The pink bollworm may be killed in cottonseed by heat without 
injury to the seed. Machines have been made in which the seed 
is treated either by dry heat or by contact with live steam. By 
the first. method, seed can be disinfected by heating to a tempera- 
ture of 145° F. in 34 minutes. By injection of live steam into the 
seed mass the time of exposure required can be lessened. 

The infestation of green bolls has been reduced as much as 60 per 
cent (Table 48) by repeated applications of arsenicals in the field. 
This indicates that there is some hope for practical control by this 
means, but a final conclusion on this point depends on future work. 
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‘THE GRANARY WEEVIL! 


By E. A. Back, Entomologist in Charge, and R. T. Corton, Associate Entomolo- 
gist, Stored-Product Insect Investigations, Bureau of Entomology 
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INTRODUCTION 


The granary weevil (Sztophilus granarwus L.) (fig. 1) is well named, 
for of all the primary grain pests it is par excellence a pest in the 
granary or storehouse. Unlike its more successful and widespread 
rival, the rice weevil (Sitophilus oryza L.), the granary weevil pos- 
sesses only rudimentary wings and does not appear to thrive in 
tropical and semitropical climates. Restricted as it is to the gran- 
aries of the colder climates, it seems to be finding it increasingly 
difficult to withstand the combined effect of limited numbers of 
generations due to cold and the modern methods of handling and 
protecting grain. 

As late as the decade from 1860 to 1870 the granary weevil was 
the prevailing species of weevil in grain throughout the northern 

ortion of the United States. It. A. Schwarz, of the Bureau of 
Mntomology, states that Sitophilus granarius was the only grain 
weevil present among the insects collected by C. V. Riley in Missouri 
and later acquired by the United States National Museum. The 
writers, who have examined many samples of grain from various 
grain centers of this country, believe that the granary weevil is a 
minor pest as compared with the rice weevil, and that it is responsible 
for a relatively small amount of the damage caused by calandrid 
pests in this country, notwithstanding the numerous instances of 
serious injury that are constantly coming to one’s attention. Keys 
Metiog ishing the larvae and adults of granarius and oryza have 
been given by Cotton (13) 

SYNONYMY 


The granary weevil was described and named by Linné (44, p. 378) 
in 1758 as Curculio granarius. Numerous references to this weevil 


1 The biological data contained in this bulletin are based on work conducted in Florida from 1919 to 
1921 and in Washington, D. C., from 1921 to 1923. 
4 Reference is made by number (italic) to ‘‘ Literature cited,” p. 32. 
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appeared in literature before this time. It was described in 1710 
by Ray (55) under the name of Scarabaeus and again by Linné (43) 
in 1746 under the name of Curculio. In 1798 Clairville and Schellen- 
berg (59, p. 62) erected the genus Calendra for the species granaria 
and abbreviata. Latreille (41, p. 431) in 1810 designated abbrevmiata 
Fab. as the type of the genus Calandra (szc), and in 1838 Schoenherr 
(60, p. 967) erected the genus Sitophilus to include the species 
granarvus and oryzae. Hence, as noted by Pierce (41, p. 26) in 1919, 
the correct generic name for the granary weevil is undoubtedly 
Sitophilus and not Calendra or Calandra. The synonyms of the 
species are as follows: 


Fic. 1—The granary weevil (Sitophilus granarius): Adult, dorsal view. 
Enlarged about 38 times 


Sitophilus granarius Linné 
Curculio granarius Linné, Syst. Nat., ed. 10, p. 378, 1758. 
Curculio segetis Linné, Syst. Nat., ed. 10, p. 381, 1758. 
Rhynchophorus granarius Herbst, Jablonsk. Natursystem., vol. 6, p. 14, 
PIOOS figs li Gor 

Curculio policarius Voet, Col., ed. Panz.,-vol. 4, p. 54, Pl. 37, fig. 17, 1798. 
Calendra granaria Clairville and Schellenberg, Helv. Ent., vol. 1, p. 62, 1798. 
Curculio wnicolor Marsham, Ent. Brit., p. 275, 1802. 

- Rhynchaenus segetis Latr., Hist. Nat., xi, 198, 1804. 
Cordyle granarius Thunberg, Nova Acta Ups., vol. 7, p. 112, 1815. 
Calandra frumentarius Stephens, Cat. Brit. Ins., pt. 1, p. 148, 1829. 
Sitophilus granarius Schoenherr, Gen. Cure., vol. 4, p. 977, 18388. 
Sitophilus remotepunctatus Gyll., Schh., Gen. Cure., vol. 4, p. 979, 1838. 
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ECONOMIC HISTORY 


The granary weevil was well known as a pest in stored grain long 
before its description by Linné (44) in 1758, and numerous references 
to it are found in the publications of earlier writers. Remains of 
this weevil are said (23) to have been found in a vial in an ancient 
Gallo-Roman cemetery and also in a Marovingian tomb. Plautus 
(52, pp. 251-252), writing about 196 B. C., speaks of a curculio in 
stored grain which was presumably this species, and there seems to 
be little doubt that the curculio of Pliny and the Romans was this 
weevil. Von Schwenckfeld (6/, p. 527) in 1603, Rango (54) in 1665, 
Commodus (1/0) in 1668, and Van Leeuwenhoek (42) in 1695 all 
referred to this weevil in their writings. Redi (56) published a figure 
of it in 1668. Since its description ie Linné, innumerable accounts 
of the weevil have appeared. 

The writers have over 300 references to the granary weevil. 
Naturally many merely pass on information previously published; 
surprisingly few contain real contributions to our knowledge. Only 
one paper, that by Strachov-Koltchin (65), contains a decided con- 
tribution to our knowledge of the various stages of the life cycle, 
as viewed from a modern standpoint. Although the work of this 
Russian was published in 1915, a translation* was not available 
for the writers until 1923; hence, the data hereinafter presented 
were secured uninfluenced by those of the work in Russia. Only 
2 few of the more important papers, from an American standpoint, 
can be mentioned. 

Duhamel du Monceau (24) published a short account of the gran- 
ary weevil in 1761 and gave directions for combating the weevils 
and preserving the grain. In 1775 De Geer (31, pp. 239-240) 
stated that the weevils were commonly known as calandres. The 
same common name was used by Van Leeuwenhoek about a hundred 
years before, so it is probably of rather ancient origin. In 1790 
Olivier (48, pp. 442-444) published a lengthy account that has served 
as a basis for a majority of the articles on the granary weevil up to 
recent times. He described the weevil and its habits and reported 
numerous experiments for its control. He came to the conclusion 
(amusing in these days) that fumigations only resulted in imparting 
a bad odor to the grain without seriously inconveniencing the weevils. 
He found that a temperature of from 167° to 190° F. would kill all 
stages of the insect but had a tendency to damage the wheat. He 
observed that when a pile of infested wheat was stirred up, the weevils 
crawled away in their endeavors to escape, and this suggested to 
him the following method for destroying iene “Tn the early spring 
before any eggs have been laid, several small piles of wheat should 
be formed near the large pile. The large pile should then be stirred 


and the weevils will leave the large pile and on encountering the 
small piles will enter them to seck shelter. The small piles should 
then be treated with boiling water to kill the weevils.’ 


Latreille (40, pp. 54-56), in 1804, gave an extended account of the 
weevil, noting, among other things, that the period from egg to 


adult was about 40 days, and that one pair of weevils were capable 
of having 6,045 descendants in a single season. He also noted that 
* A translation of this article by Strachoy-Koltchin js on file in the Library of the Bureau of Entomology, 


United States Department of Agriculture 
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the weevils were very resistant to cold. Mills (46), in 1836, advocated 
the use of heat to kill the weevils, finding that a temperature of 
130° to 140° F. would kill all stages without injuring the grain. He 
recommended using a room heated with hot-water pipes in which to 
treat infested grain. Gavit (30), m 1849, published a good account 
of the weevil, stating that the life cycle lasted from 40 to 45 days 
and that the adults lived for 1% years or more. 

Curtis (14, pp. 323-328), in 1860, published an interesting account 
of the insect in England, and Taschenberg (68, pp. 63-65), in 1865, 
gave a good account of the species in Germany. The latter author 
noted that badly weeviled wheat had a high temperature and stated 
that one female weevil was supposed to lay as many as 150 eggs. 
Taschenberg’s observations in Germany have more recently been 
interestingly added to by Zacher (71, 72) and Teichmann and Andres 
(69). In 1869 Walsh and C. V. Riley (70) noted the vesicatory 
properties of the granary weevil. These properties were disproved 
in 1922 by W. A. Riley (57) and Defiel (17). In 1879 Ormerod 
(49, 50) wrote short articles on the granary and rice weevils and 
suggested trapping the beetles in vessels of water, and this idea 
was further developed by Dendy (/8) in 1918. Kompfe (39), 
in 1879, recorded breeding the weevil from egg to adult in four weeks. 
Cotes (12), in 1888, while not discussing granarius as one of the grain 
peas of India, gives an interesting bibliography of grain weevils. 

ecaux (/6), in 1890, published a few notes on the life history of the 
weevil and recorded rearing several species of chalcid parasites from 
it. Chittenden (6, 7,8), in 1895 and 1896, published short accounts 
of the habits and depredations of this insect in North America. 

Cole (9), in 1906, found that a fairly moist, ventilated atmosphere 
of about 80° F. was most satisfactory for the development of the 
granary weevil; that at 51° to 76° F. weevils were still alive after 
48 days when kept in a moist atmosphere with food, but that when 
kept in a dry atmosphere they were dead by the end of the fourteenth 
day. 

In 1915 Strachoyv-Koltchin (65) published an excellent account of 
the life history and habits of the granary weevil in Russia. He 
found that the length of the larval period is from 211% to 84 days, 
according to the prevailing temperature, and that the length of the 

upal stage is from 10 to 22 days. He gives data on oviposition 
Based on adults reared from eggs laid in grain by females of 
unknown ages. 

Dendy and Elkington (19, 20, 21), in a series of reports appearing 
in 1918 and 1920, discussed the effect of air-tight storage on the 
granary weevil and the vitality and rate of multiplication of this 
weevil. 

Back and Cotton (2, p. 5), in 1922, stated that adult weevils may 
live for 10 months or more, and that in this period each female 
may lay from 200 to 300 eggs, these statements being summarized 
from actual data bearing upon the subject. 

Chapman (5), writing m 1923, records experiments. indicating 
that no stage of the granary weevil survives the process of milling 
semolina and that adults will not oviposit in semolina, with the 
natural result that macaroni is not infested as it comes from the 
press even though it is made from wheat badly infested. 
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A key to the principal insect pests of grain, including the granary 
weevil, was mibkched by Zverezomb-Zubovski (73) in 1923, and is 
especially interesting because of the 78 illustrations, the keys, and 
the Russian bibliography of 72 entries dealing with grain pests. A 
translation of this paper is on file in the Library of the Bureau of 
Entomology, United States Department of Agriculture. Hntomolog- 
ists are directed to this paper in any study of the Russian literature. 


ORIGIN AND DISTRIBUTION 


The origin of the granary weevil is not definitely known, although 
it has been thought to have originated either in Asia or in the region 
bordering the Mediterranean Sea. Unlike the other members of 
the genus Sitophilus, which thrive best in a tropical or subtropical 
climate, the granary weevil is now distinctly a temperate-climate 
species. 

Betis of its habit of breeding in grains of all kinds, it has been 
carried by commerce to all parts of the civilized world. It does not 
thrive in warm climates, even though it is occasionally found there 
in apparently thrifty cultures. In tropical and subtropical climates 
it soon dies out. This seems true in spite of the fact that one of the 
best cultures seen by the writers came from Texas in chick-peas 
from Northern Mexico. Cotes (12) in 1888, Fletcher (27) in 1911, 
and Fletcher and Ghosh (28) in 1920, in their articles dealing with 
grain pests in India, do not mention granarius as a grain pest along 
with oryza and others. 

In colonial days, the granary weevil appears to have been abundant 
and widespread over the United States and much more common 
than the rice weevil, Sitophilus oryza. Possibly there existed a 
confusion in the identification of these closely related weevils. At 
the present time, the granary weevil is common in all the northern 
States and is the predominating form in the States of the extreme 
north. Jt is not often found breeding farther south than North 
Carolina. 

Cooley (11, p. 127), in 1914, in recording the presence of granarius 
in Montana, intimates that the species was not commonly found 
there, for he says, “‘ The knowledge of its presence in Montana should 
put grain growers on their guard.’”’ Chapman (4, p. 38), in 1921, 
writes, “It is far more common in the south than in Minnesota. 
Its importance in the north is due to the fact that it is continually 
shipped in with southern wheat.” 

Swenk (66, p. 366), of Nebraska, in writing of the principal insects 
injurious to agriculture during 1908-9, says: “A really tremendous 
amount of grain is lost every year in Nebraska through the attack 
of stored-grain pests after the grain has been stored in the granary. 
Of course the insect most concerned in this destruction is the common 
grain weevil (Calandra granaria).” In 1922 Swenk (67, pp. 3-4) 
again states that the granary weevil is common throughout Nelrasee 
but refers to the presence also in southern Nebraska of S. oryza. 
Dean (15, p. 198), in 1913, lists the granary weevil along with the 
rice weevil and the Angoumois grain moth as the three principal 
pests in Kansas of whole grains. Girault (32, p. 70), in 1912, in 
discussing the granary weevil, says, “‘ The species is widely distributed 
in the United States but is more common southward.” Stedman 


6 BULLETIN 1393, U. 8S. DEPARTMENT OF AGRICULTURE 


(63, pp. 139-141), of Missouri, in 1902, mentions granarius as the 
only true weevil in Missouri, while in 1915 Haseman (36, p. 35) of 
the same State records the granary weevil, and not the rice weevil, 
among the stored-grain pests of Missouri. On the Pacific coast the 
granary weevil is reported in 1915 by Essig (26, pp. 305-307) as 
very common throughout the State of California. 

In the typically southern States, however, especially those border- 
ing on the Gulf of Mexico, where weevil damage is greatest, the 
injury is caused not by the granary weevil but by the rice weevil. 
Quaintance (53, p. 366), in 1896, writes from Florida that “‘the 
granary weevil is not sufficiently abundant to be the cause of much 
damage,” the rice weevil and the Angoumois grain moth being 
responsible for the greater part of the injury done to stored grain. 
Hinds (38), in 1914, in discussing the pests of stored corn in Alabama, 
does not mention the granary weevil. Smith (63, p. 10), mm 1909, 
writing from North Carolina, states that the granary weevil “Tre- 
quires only passing mention here, for the rice weevil far surpasses 
it in numbers and destructiveness in the Southern States,” and 
Sherman (62), in 1903, also of North Carolina, does not mention 
granarius in writing of common pests of grain. Back (/), in 1919, 
in discussing the conservation of corn from weevil attack in the 
Gulf Coast States, after an extended study of the stored-grain 
situation, did not consider granarius sufficiently important in that 
region to be mentioned. 

It is accepted, naturally, that trade carries the rice weevil well 
into the territory of the granary weevil, particularly at the large 
ports such as New York and London (see reports of Durrant (25) 
in 1921), receiving cargoes of grain from warm climates. Riley 
and Howard (58), in 1888, reviewing a paper by R. A. Philippi on 
the changes in the fauna of Chile, caused by man, state that the two 
grain weevils occur, and that the damage done by granarius is often 
enormous. Doane (22, p. 312), in 1919, records the presence of 
granarvus in Australian ae brought into the United States through 
Pacific ports, but found that oryza was the more abundant. The 
writers, in examining Australian wheat brought into this country at 
Baltimore during the war period, found that it contained relatively 
few granarius as compared with oryza. Gurney (35, p. 41), in 1918, 
in discussing the insect pests of New South Wales, states that, 
while oryza was very abundant, granarius had been noticed twice 
only in imported grain. Froggatt (29, é 485), in 1903, writes that 
granarivus 1s a comparatively rare beetle: ‘‘I have met with it for 
the first time for over a year in a packet of macaroni left at the 
office, which was purchased at a Sydney grocer’s.’’ In South Africa, 
oryza and not granarius is the destructive species. Lounsbury (45, 
». 94), writes in 1903, “‘ The rice weevil is by far the more abundant 
species at the cape.” The statement by Herrick (37, p. 259), in 
1914, that granarius ‘is a more cosmopolitan species” than oryza, 
does not seem true to the writers, especially in these days (1923). 

Since the granary weevil has no effective wings and is by nature 
not very active, it is found chiefly in granaries and other storehouses 
and has become now dependent upon man for its dissemination or 
spread. It seems very possible that, with the present-day tendency 
to treat all infested grain and to ship only clean grain, the granary 
weevil will become more and more scarce and may even be eliminated 
as a serious pest of stored grain in any part of America. 
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NATURE OF INJURY 


The granary weevil is destructive to grain (figs. 2 to 4) and grain 
products (fig. 5) in both its adult and larval forms. The adults feed 
throughout their long lives and may occasion as much injury as their 
larve. The adults will feed upon many seeds and manufactured 
cereal products and are found in flour. They do not oviposit in 
any loose and finely divided grain particles too small to serve as food 
for the development of a single larva. Thus flour and similar mate- 
rials, like semolina used in the manufacture of macaroni, may be fed 
upon by the adult weevil but not by the larvee unless the substances 
become caked by long standing, in which case they are used by the 
adult weevils as suitable materials for the rearing of their young. 


Fic. 2.—Injury to pearled barley resulting from development of larvee and feeding of adult beetles 
of the granary weevil in making exit from kernels 


Ordinarily when adult weevils are found crawling over sacks of flour 
and similar finely divided grain products they are migrating from 
near-by infested grain in the berry, and their presence will not cause 
injury except that uninformed buyers, on noting the presence of 
the weevils, may refuse to purchase or may insist on a lower 

rice. The writers have known of instances falter flour-mill owners 

ave incurred considerable expense to hand-pick granary weevils 
from sacks of freshly manufactured flour standing overnight in the 
mill. 

The adult weevil may become established and cause loss in cartoned 
grains like pearled barley (fig. 2). In an instance recently called to 
the attention of the writers a considerable shipment of pearled barley 
in small cardboard cartons was found to be infested with the granary 
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weevil. The adults were not only causing a general infestation of the 
ain, but were opening the cartons to the attack of other grain pests 
y boring small holes in their efforts to escape, similar to those made 
in pill boxes and shown in Figure 6. The entire shipment was con- 
demned. 

Injury by the larve consists in the destruction, by feeding, of a 
larger or smaller part of the kernel, and in the fouling of the seed by 
their excrement. The development of one granary weevil larva will 
reduce the weight of a wheat kernel over 50 per cent and the adult 
before leaving the kernel may destroy even more. The destruction 
caused in all grains depends largely upon the abundance of the larve. 


Fic. 3—Wheat kernels damaged not only by development of larvee but by continued feeding of 
adult beetles of the granary weevil. These kernels are reduced to mere skeletons and can be 
crushed flat as paper by the least pressure 


Horses and other stock have been reported at times injured by bein 
fed weeviled grain or other grain products filled with the feces an 
other débris ‘eft in the grains when these are infested. Recent 
investigation by Riley (57) and Defiel (17) show that the granary 
weevil has no poisonous qualities. The writers have seen very badly 
weeviled grain fed to animals without bad results and have yet to estab- 
lish a clear instance in which injury to animals was caused by weevils. 

Badly infested seeds, particularly wheat (fig. 3) are rendered 
worthless for seeding. 

The destructive possibilities of the granary weevil were clearly 
shown during the World War when immense quantities of wheat were 
stored in Australia, a considerable quantity of it, owing to a lack of 
shipping, being held in storage for several years. This wheat became 
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infested with weevils and only prompt treatment prevented very 
severe losses. Hundreds of thousands of tons of wheat were sterilized 
and screened and from every 2,500 bags of wheat so treated between 
200 and 300 pounds of weevils were removed, an enormous number 
when one considers that there are about 442,000 weevils to the pound. 
Although three species of weevils predominated in this wheat, the 
granary weevil is said to have caused the most damage. 


Fic. 4—Corn kernels showing evidences of injury by the granary weevil. Note long white streaks 
on kernels to right. These indicate burrows of very young larvee of the weevil just beneath surface 


of graiu 


TECHNICAL DESCRIPTION 


THE 'BEETLE 
(Fig. 1) 

Eiongate-oblong, feebly convex. Chestnut brown to piceous, moderately 
shining. Beak two-thirds as long as thorax, slender, cylindrical, finely and 
sparsely punctate. Thorax sparsely punctate, punctures coarse and on the disk 
more or less fusiform. Elytra deeply striate, stria punctured at bottom, not 
serrate; intervals smooth, alternately wider and more elevated, especially toward 
the base; the sutural with a row of elongate punctures. Pygidium coarsely 
cribrate. Body beneath coarsely and less densely punctured than in oryza. 
Length 3 to 4 mm. 

The original description of Linné follows: 

“C. longirostris piceus oblongus, thorace punctate longitudine elytrorum.,” 


THE EGG 


(Vig. 7, e) 
Egg opaque, shining, white, ovoid to pear-shaped in form, widest below middle, 
bottom broadly rounded, neck narrowing gradually toward top, which is some- 
what flattened and bearing a small rounded protuberance that fits into a cap or 


plug cementing the egg in place. 
Length 0.68 to 0.80 mm., width about 0.33 mm. 
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Fic. 5.—Injury to macaroni by the granary weevil. Macaroni is sometimes reduced to a powder 
by continued feeding of the weevil. The opaque whitened areas indicate progress of developing 
larvze; the openings in the macaroni are caused by feeding of adult weevils ; 
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THE LARVA 
(Fig. 7, a to d, g to 7) 


Mature larva (f) 2.5 to 2.75 mm. in length. A pearly white, fleshy grub, very 
thick bodied, the ventral outline being approximately straight, whereas the dorsal 
outline is almost semicircular. Ten abdominal segments; ninth small, tenth 
reduced, eighth and ninth forming a sort of pygidial plate. 

Head (6) light brown in color, the anterior margin and mandibles much darker. 
Head longer than broad and somewhat wedge shaped, the sides broadly rounded 
from middle to apex, which is slightly angular. Sides nearly straight from middle 
to the anterior angles, and lateral area with an oblique, longitudinal, lighter 
stripe or area. 

Epicranial and frontal sutures distinct and light in color; also two oblique, 
longitudinal, light stripes rising from frontal sutures and coalescing with epicranial 
suture near base of head. 

Frons subtriangular, with a distinct, dark, median line indicating the carina 
running from the posterior angle to beyond the middle. Sutural margins irregu- 
lar or sinuate. rons provided with five pairs of large setx, the sutural margins 
each bearing a large seta. 

Clypeus attached in front of 
frons and broadly transverse, 
broad at base, sides narrowing 
toward the apical angles, slightly 
longer and broader than labrum, 
and bearing on epistomal margin 
two fine sete on each side. 

Labrum (c) distinctly broader 
than long, with two small lateral 
and a larger, rounded, median 
lobe. Labrum provided with 
six large dorsal setz and two 
sensory spots, two marginal, 
short, thickened sete on each 
lateral lobe, and six similar 
marginal setze on median lobe. 

Each epicranial lobe bearing 
the following setze: One close to 
posterior angle of frons and lo- 
cated within the oblique, longi- 
tudinal stripe rising from the 
frontal suture; one very small 
seta posterior to this and near 
occiput; two anterior to it on Fic. 6.—View of pill box, 144 inches in diameter, showing 


. * « . three exit holes bored by adults of the granary weevil in 
disk of epicranua, two opposite escaping from box. Cereal cartons may be thus opened 
middle of frons; one opposite to the attack of cereal pests 


middle of mandible; one opposite 
hypostomal angle of mandible; and one on hypostoma near base of mandible. 

Eye represented by a single ocellus. 

Antenna a fleshy two-jointed appendage located at the lateral angle of the 
frons, first joint broad and short, second slender and short. 

Mandibles (d) stout, triangular, with the apex produced into a broad apical 
tooth; inner edge toward the apex provided with a subapical tooth and a small 
medial tooth; no molar part. Dorsal area of mandible provided with two stout 
sete set apart. 

Maxilla with cardo present and distinct. Maxillary mala (g, h) entire, tip 
obtuse, dorsal and ventral surfaces smooth, lightly chitinized, dorsal surface with 
a longitudinal row of six plain stout set, tip with two short and two longer set. 


Maxillary palp extending slightly beyond mala, two-jointed, proximal joint thick 
and rounded, bearing a single seta near apex; distal joint fingerlike, bearing several 
terminal papille. There are three other seta on maxilla, two located on the 


vaginant membrane between palpus and palpifer and one, stouter and longer, 
midway between palpus and cardo. 


Mentum, submentum, and maxillary articulating area fused into a fleshy 
. . . ‘ *. . 
region bearing three pairs of stout sets. Kulabium posteriorly enforced by a 


median triangularly bent chitinization, Between the palpi a small slightly 
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bilobed ligula. Labial palp short, conical, two-jointed, distal joint of palp with 
several small, fleshy, terminal papille. Eulabium bearing two sete on ventral 
surface; ligula bearing four small sete and two sensory spots on ventral side 
and one pair of sete on dorsal side. 

Paragnathal region or maxillular region with a median fleshy area and two 
setose lateral lobes. 
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Fic. 7.—The granary weevil: a, Epipharynx of larva; b, head of same, dorsal view; c, labrum of same; 
d, mandible of same; ¢, egg; f, larva; g, mala of same, dorsal view; h, mala of same, ventral view; 7, mouth 
parts of same, dorsal view; j, mouth parts of same, ventral view 
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Epipharynx (a) carrying a pair of narrow, longitudinal, chitinized, epipharyn- 
geal rods approaching each other posteriorly. Between these there are usually 
12 small setze somewhat asymmetrically arranged, as follows: Two near anterior 
margin of epipharynx, a median group of four much smaller ones posterior to 
these, a pair of larger ones posterior to the group of four, and finally another 
median group of four very small setz posterior to these. 
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Prothorax dorsally not divided, but two areas, prescutal and scuto-scutellar, 
are roughly indicated by rows of setz. Prescutal area with six pairs of sete, 
the last two of which occur on the alar lobe, scutoscutellar area with four pairs 
of sete. The thoracic spiracle is located on a lobe pushed into the prothorax from 
the epipleurum of the mesothorax. It is bifore, elongate, larger than abdominal 
spiracles, and placed with the fingerlike air tubes pointing dorsad. 

The mesothoracic and metathoracic segments are divided above into two 
distinct areas, a spindle-shaped prescutum provided with two pairs of minute 
setz, and the scuto-scutellum and alar area. The scuto-scutellum has eight 
pairs of setz and two pairs of hairs on each alar lobe. The epiplerum of the 
mesothorax and metathorax bears a pair of sete. The sternum of the thorax 
consists of a median area or eusternum and two lateral lobes more or less con- 
nected medianly behind the sternum. The median portion is the sternellum 
and the lateral portions are the parasternal plates. Hach thoracic sternum 
bears a pair of hairs, each coxal lobe of prothorax bears three pairs of hairs, and 
each coxal lobe of mesothorax and metathorax bears five hairs. 

Each tergum of first four abdominal segments divided above into three distinct 
areas, prescutum, scutum, and scutellum. Each tergum of fifth to seventh 
abdominal segments divided above into only two areas, the first containing 
prescutal and scutal elements, the second representing the scutellum. Below 
these two areas and adjacent to the epipleurum is the alar area. Below a very 
indistinct and abrupt dorsolateral suture and above a well-defined ventro- 
lateral suture is a large, not subdivided epipleurum. The abdominal epipleura 
are located considerably higher than the thoracic lobes. Below the ventrolateral 
suture is the hypopleurum, subdivided into three lobes, one directly below 
another. Below the hypopleurum is the coxal lobe and below that the sternum 
consisting of the eusternum and a posterior triangular area representing the 
parasternum or the parasternum fused with the sternellum. Abdominal segments 
provided with sete, as follows: Each prescutum bears a pair of sete; each 
scutellum bears three lateral sets; each alar area bears a pair of sete, and each 
epipleural lobe bears a pair of setze. The second part of each hypopleural lobe 
bears a seta, each coxal lobe bears a seta, and there is a pair on the eusternum. 

Eighth abdominal segment smaller than the typical segment; tergum declivous 
and without distinct tergal areas; ninth segment rather small; tenth ventral and 
very small. Abdominal spiracles placed anteriorly and in a small separate 
corner piece, probably of the alar area; spiracles bifore and found on abdominal 
segments 1 to 8, that on the eighth being located slightly more dorsad than the 
rest. 

Measurements of larval stages 


: Width of 
Stage larval head 
Mm. 
Lee Re Sere 0. 25 to 0. 26 
pele Gk a -36 to .37 
aes Ree Ee -47to .48 
Aa Sass 332288 -61to .65 
THE PUPA 


Pupa (fig. 8) uniformly white when first formed; length 3.75 to 4.25 mm., 
width 1.75 mm. Tips of elytra attaining fifth abdominal segment, inner wings 
rudimentary and almost completely concealed by elytra. Tips of metathoracic 
tarsi extending beyond tips of elytra. Head rounded, beak elongate. Head 
with two prominent spines toward vertex, a group of two small spines and two 
spinules on each side above eyes, two pairs of small spines near anterior margin 
and one on each side of front between eyes, three pairs of spines on beak between 
frontal ones and base of antenn, a pair of small ones on beak midway between 
base of antennz and tip of beak, a pair on sides of beak between latter pair and 
tip of beak, and two pairs of minute spines on tip of beak. Prothorax provided 
with one pair of anteromarginal setigerous tubercles, one pair of anterolateral, 
two pairs of mediolateral, and four pairs of dorsal setigerous tubercles; also a 
pair of minute mediolateral ventral spines. Mesonotum and metanotum nor- 
mally each provided with three pairs of spines; one or more pairs often missing. 
Abdomen with seven distinct dorsal tergites, the seventh being much larger than 
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the rest. Dorsal area of each armed with a pair of large spines and a pair of 
smaller ones. Lateral area of each tergite bearing a spine, at base of which is 
a small seta. Epipleural lobes each obscurely armed with two minute sete. 


Nint& segment armed as usual with two prominent pleural spines. 
LIFE HISTORY AND HABITS 


The granary weevil normally hibernates during the winter in 
either the adult or the larval form. The adult is resistant to low 
temperatures and will survive a very cold winter. Adults resume 
activity with the first warm weather of spring, and egg laying soon 
begins. Overwintering larve at that time begin pupating. Hiber- 
nating adults kept in the laboratory at Washington, D. C., resumed 
egg laying in the early part of March. 

THE ADULT 


After transformation from the pupal 
to the adult form, the weevil remains 
within the seed for a short time until 
the body integuments harden and the 
color has changed to a dark chestnut 
brown. Some weevils remain to feed 
for a considerable time within the 
larger seeds. Shortly after emergence 
copulation takes place and is repeated 
at frequent intervals throughout the 
life of the weevil. 

The weevils are rather sluggish in 
their actions and are very easily 
handled. If disturbed in any way 
they draw their legs up close to the 
body and remain motionless for some 
time. The females may be distin- 
guished from the males by _ their 
smoother and more slender beaks. 


PARTHENOGENESIS 


Virgin females of the granary weevil 


Fic. 8.—The granary weevil: Pupa, ventral ‘i 
view. Enlarged about 37 times have been observed to deposit an oc- 


casional egg, but none of these hatched. 


DURATION OF ADULT LIFE WITHOUT FOOD 


The granary weevil is capable of surviving without food for a 
considerable period, much longer than the closely related rice weevil, 
possibly because of its less active life and its restriction to a more 
temperate climate. The temperatures at which the insects were kept 
under observation had a very marked effect on their powers of resist- 
ance to starvation. Five lots of 50 weevils each were kept without 
food until they died. Each lot was placed in a separate compart- 
ment held at a constant temperature. These temperatures ranged 
from 55° to 85° F. and were maintained with but slight variation 
for the entire period and at a rather high humidity. The results ar 
given in Table 1. 
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TABLE 1.—Resistance of the granary weevil to starvation 


Number of adult weevils Number of adult weevils 
Num- found dead at— Num- found dead at— 
Date ber of Date ber of 
days days 
starved|=50 m |g0° F.\68° F.|76° F.|g5° F. starved) 550% |go° ¥.|68° F.|76° F.|g5° F. 
1920 } 1920 

June 24___ 7 0 0 0 12 28 July 12__- 25 0 rl (a sees 92 Re ee 
Oi eaae 8 5 0 11 12 0 14___ 27 0 6 Bi | eens fesse eens 
ie 9 0 0 5 4 4 ie 28 0 2 (1) Eg eke 
7 ft oe 10 0 0 0 2 0 G24 29 3 0 re (eae ea Pe 
Zoe. 11 0 4 0 14 0 Wf aes ~ 30 0 7 ON ee eee 
23 janet 12 7 7 0 3 7 jhaus 31 2 0 ON Eee ah eo 
any = 14 3 0 7 2 2 HO eS. 32 0 0 pe anew an Ea ee 
wee 15 0 5 0 0 0 20___ 33 0 3 OQ} Bee ete 
So 16 0 3 0 1 7 21 34 1 0 2 | race | A ae 
eet 17 5 2 ge Rees AD 1 Palas 36 0 | Eas | Se Ee eee 
62 19 3 0 Os | Rew: 1 29___ 42 Nie | S| Se ee eee 
ee 20 2 0 (Ur a La S| a ee Aig 3s 3 47 Tit) | PA 2c Sale Sa eae ee 
Se 21 4 0 5 IL 2 10___ 54 Ue Ne Pe gs Pte Serre A a 
(eee 22 6 3 On 7A Soe 65 aA [eae I ee ee 

HOP 23 5 0 6 |_ 


The weevils subjected to a temperature of 85° F. were very active; 
more than 50 per cent died at the end of the first week of starvation, 
a few lingered on for some days, and one survived for 19 days. The 
weevils kept at 55° F. were sluggish; 50 per cent survived for three ' 
weeks and one for 65 days. 


DURATION OF ADULT LIFE WITH FOOD 


The average length of life with food, as indicated by the data in 
Table 2, is between 7 and 8 months. 

This is the average of 35 females observed for oviposition records. 
Several individuals not included in this table lived. considerably 
longer. Of a number of weevils that emerged on May 1, 1921, one 
female lived until July 2, 1922, and two females until July 10, 1922, 
a period of a little more than 14 months. The effect of a moderately 
low temperature, which permits occasional feeding but at which the 
adults are decidedly sluggish, is greatly to prolong life. Thus, of 30 
adults placed, on September 18, 1921, in a refrigerator of the ordinary 
type, which maintained a temperature between 50° and 60° F., one 
lived two years and five months and four were still alive on January 15, 
1924. Although adult life may be prolonged to cover a two-year 
period, it is not likely that conditions favoring such a long life obtain 
under normal warehouse conditions. The average length of life, as 
stated above, is about seven or eight months, with certain individuals 
living well over one year. 


PREOVIPOSITION PERIOD 


The data of Table 2 indicate that the granary weevil begins ovi- 
ositing from 6 to 148 days after emergence. In early spring females 
wee ovipositing about three weeks after emergences. Later, in 
the summer, the preoviposition period is reduced to approximately 
one week. Weevils emerging late in the fall have the longest preovi- 
position period, since they usually do not begin to oviposit until the 
following spring. 
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TabLe 2.—Data concerning period of oviposition and adult longevity of the granary 


weevil 
D D pee Dat Rs Numb 
ate ate of pre- ate of ovi- umber 
No. weevil | first egg | oviposi- | last egg | position | of eggs Dae Leneely 
emerged | waslaid| tion | waslaid| tion laid EN 
period period 
1920 1920 Days 1920 Days 1920 Days 
f (sae os ee | Feb. 26 | Mar. 19 22 | June 14 87 152 | June 18 113 
pea SAE eis =. SE ee do____| Mar. 18 21 | May 29 72 172 | June 15 110 
5 eee Se ee ee Ae cE do___.}| Mar. 24 27 | June 11 79 150 | June 23 118 
BS UE 2 a a do____]| Mar. 20 Bids 83 140 | June 18 113 
teins 3 Spa Ree Fe eee || eed do____| Mar. 19 22 | Aug. 30 164 247 | Sept. 1 188 
(Haee em cet = Ss eae WF May 25} June 2 8 | Aug. 31 90 148 | Sept. 2 100 
Se en ees June 17 | June 23 6 | Sept. 15 84 170 | Sept. 20 95 
1921 1921 
ee Se ae ee Aug. 15 | Aug. 27 12 | June 10 287 254 | June 27 316 
Qrennatyw a. ear Send Aug. 24] Sept. 4 11 | Apr. 10 > 218 77 | May 18 267 
1921 
1S 2a ee Oct. 17} Mar. 3 137 | June 30 119 141 | Sept. 15 333 
DES at See ae | a do__--_| Feb. 24 130 | July 22 148 144 | Aug. 20 307 
1921 1922 1922 
VAS ee ee ees Sept. 5 | Sept. 18 13 | Apr. 21 215 65 | Apr. 25 232 
PSSA EE: ates Fee Sept . 6 | Sept. 19 13 | May 12 235 71 | May 24 260 
[Agee rt a aert se § are a Sid ors ept. 15 9 | June 12 270 145 | June 30 297 
iE ie tA a SL dos Sept. 18 12 | May 8 232 128 | May 15 251 
162 ee ae do___-| Sept. 15 9| June 7 265 130 | June 16 283 
1922 
dp fas Sie eee Be Sept. 7] Feb. 2 148 | May 7 94 98 | May 25 260 
SSS ye hei oe Sens Oct. 25 | Jan. 28 95 | Sept. 24 239 197 | Oct. 8 348 
: Jan. 31 98 | Apr. 21 80 36 | May 1 188 
Feb. 1 99 | July 24 173 135 | Aug. 4 283 
Jan. 30 97 | June 5 126 126 | June 9 227 
Feb. 1 99 | July 28 177 234 | July 31 279 
2200s 99 | June 9 128 181 | June 12 230 
Feb. 2 100 | July 7 155 184 | July 17 265 
Feb. 1 99 | May 27 115 74 | July 10 258 
0a ee OVE 99 | Apr. 20 78 114 | May 1 188 
Feb. 2 100 | June 9 127 200 | June 12 230 
Jan. 31 98 | June 26 146 177 | Aug. 7 286 
Feb. 5 103 | Aug. 2 178 166 | Aug. 23 302 
Jan. 31 98 | May 29 118 210 | June 5 223 
Feb. 1 99 | Apr. 13 71 95 | Apr. 20 177 
Mar. 10 123 | June 14 96 130 | July 21 256 
8 | Feb. 18 102 | Aug. 6 169 242 | Aug. 14 279 
Mar. 19 131 | May 25 67 78 | June 1 205 
Mar. 6 118 | June 5 91 108 | July 5 239 


METHOD OF EGG LAYING 


The beetles lay their eggs within the seeds of most of our common 
grains. A hole is excavated within the grain equal to the length of 
the slender proboscis of the female. When this is completed to the 
satisfaction of the beetle, she withdraws her proboscis and turning 
around swings the abdomen about until the cavity is located. The 
ovipositor is then thrust into the cavity and an egg deposited. 

Before the ovipositor is withdrawn a translucent mass of gelat- 
inous material is discharged on top of the egg and is tamped down 
level with the surface of the seed. This plug of gelatinous material 
quickly hardens, holding the egg in place and forming a protective 
covering for it. 

The eggs are laid in all parts of the seeds but usually near one end. 
It is probably mechanically easier for the weevil to bore a hole at 
either end of the seed, owing to the need of a good foothold during 
the operation. 
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DAILY RATE OF OVIPOSITION 


No data on the daily rate of oviposition of granary weevils of 
known age have ever been published. Strachov-Koltchin (65), after 
working with weevils of unknown ages and counting the adults 
emerging from kernels of grain with which they had been confined, 
published data from which he concluded that, when the average 
moisture content of the grain was from 15 to 17 per cent, a single egg 
is deposited at intervals of a few days at a temperature range of 
59° to 65.5° F., one egg daily at 63.5° to 70° F., one to two eggs daily 
at 70° to 75° F., and two to three eggs daily at 75° to 82° F. As this 
author did not take into consideration the mortality among the 
immature stages, it is surprising how closely his data agree with 
those given in Table 3 based upon an actual count‘ of the eggs 
laid daily by females of known ages. 


TasLEe 3.—Daily rate of oviposition of the granary weevil » » ¢ 


Weevil number and oviposition record Daily 

Date of Se ea eee 
oviposition 
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9 No eggs were laid on dates omitted. : 

» Weevils emerged as adults as follows: Nos. 1 to 3 on Sept. 5, Nos. 4 and 5 on Sept. 6, No. 6 on Sept. 7, 
Nos. 7 to 10 on Novy. 7 and 8, and Nos. 11 to 24 on Oct, 25, 1921. 

¢ Nos. 1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14, 15, 16, 17. 18, 19, 20, 21, 22, 23, and 24 of Table 3 are the same 
fernales recorded in Table 2 as Nos. 12, 13, 14, 15, 16, 17, 82, 83, 34, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 
30, and 31, respectively. 


‘Two kernels of corn were inclosed with a pair of weevils and removed daily and examined beneath the 
binecular microscope. 
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TaBLeE 3.—Daily rate of oviposition of the granary weevil—Continued 


= ere DONNA OD HDHD AHS AIDW DN OD HE BWI HOON AOBRAHOADOM NO DO DDO AOS ON SOR RRR SR DORR EEE onrt 
mags feo a elo a ola all eal ileal ele ey eS Oar DOOOKRERRRRRRRERREER OSCR OR ODDO EEE DE KHOEE HOHE Ow 
aoa 
ood 
AsrAF © 
Sea 1 t t ' t 1 ' i ' 1 ' 1 ' ' ' 1 1 ' 1 1 ' 1 t 1 1 1 ' ' 1 1 ' ' 1 ' 1 ' 1 1 1 ' ' ' 1 t ' t ' ' 1 ' ' 1 1 ' 1 ' ' ' ' ' ' ' ' ' ‘ ' ' ' ‘ ‘ ' ‘ ' ‘ 
NAN | 1 1 1 ! ' t 1 t 1 1 1 1 1 t 1 1 ' 1 1 i 1 1 1 1 1 ' ' J ' 1 1 t ' t ' 1 1 1 1 ' 1 1 t 1 t 1 1 ' 1 ' ' 1 ' t ' ' ' ‘ ' ' ' ' ' ' ' : ' ‘ ' ’ ' ' ' ' 
1 ' u ' 1 t 1 1 t 1 1 t 1 t t t t 1 1 1 ' t 1 t 1 t I t t 1 1 1 1 t 1 t t 1 1 1 ' 1 1 t 1 1 t ' 1 ' t 1 t t 1 : ' ' ' ' ' ' ' ' ‘ 1‘ ' 1 ' ‘ ‘ ' ’ ' ' . 
: LIE NA CVO SPN HL AICNU HIN TAIN CSU CNM oO rset TU A eee Fv eC er eee Ce eae ST ea a Se es core we A 
oO 1 1 1 ' ' ' 1 ' t 1 ' t ' ' ' ' 1 1 1 ' ' ‘ t 1 1 ' ' 1 ' ' ‘ 1 1 ' : ' ' ' ‘ ' ' ' ‘ ' ' : ' 
N i 1 1 1 1 t ' 1 i t t 1 t 1 t ' ' 1 1 1 1 ' t ' 1 1 ' 1 1 ' ' ' ' ' ' ' ‘ ' ' ' ' 
“A AAA NAA AHA ANANA ANNAN AANA ANAS riers iene i rts nN = Csi ape a ee 7 D 
N ae 1 hee Pome Pest fie RE bel a 1 
= BAM ORMANAN TA ISA AANA VONIHICN 1st es aa a ' 
t 
a | en | a ets Be 
Oo AANANMOMNMONN RA AN AANA AAA NAAN ATES Sag aT te raat ae 
N pa lise hn S Nee est on een Rig eee 
for} t t 1 1 ' ' 1 1 ' ' 1 i ' 1 ' 1 1 1 1 1 t t 1 1 1 1 ' 1 1 1 1 1 ' 1 1 1 1 1 1 t 1 1 : ' ' ' 1 1 
es ! 1 ' 1 ' ! 1 ' ' t 1 ' 1 ' t t 1 1 1 1 i) ' ' i) 1 t ' 1 1 t t ' I ' 1 1 1 ' 1 t 1 1 ' 1 ' ' ' ' 
' ' t t ' t I ' ' 1 1 t ' 1 ' ' t t 1 t 1 I t ! ! i) t t 1 1 1 t 1 ' t ' t ' 1 1 1 ' t ' ' ' ' i 
(oa) 1 1 in im 1 1 ' 1 I 1 ict 1 1 1 1 t in t 1 1 i] 1 i) ' ' 1 1 rt i ' 1 1 re ‘ 1 r i 1 i , } , t ‘ 
t 1 t t 1 ' 1 ' ' 
iS) a Hi ot tea URLs Sse a aT eens ea cel Uncertain) wUe-aet eho eset Bie cape A eet UT Hee Cele aay 
a Kn AAS ANN NANA NNR NANG ANA NTN INO N sees sss ra] 
5 5 ba tob ot = | 
x oO | SA eAAN ANN BNA ANNANTR AANA ATANANNTAANANNT ST 1 i f t p i i ; ; u ' 
1 
q ie { 4 eh i eet ave See oll t 
L 19 SANNA DNATA RNA NANT TH ANA A N ANA Ae AAAS SIN ANN 
meal’ 9 5 
Bid F 
6 oH Mo IANA N YS inn inn inne 1 (oalintls ime ean 1 
y ra | s 1 1 1 ' 1 1 ' 1 t t t ' ' 
4a} 1 1 1 1 ee TSA ee 1 
a cD AAARANAAANN InN 1 Teeter: aan 1 
S ee fe pean Rett the bate | 
us) 
A nN Fe Pe ae scope 1 pe i ha ated caliente oust th teeta ofthe altho rac ire Heat ai 
a Fe Fg Ra Vet ee Re AN Fos meek Wel Cot Famed >t ee Lemans (Said cs Dg Panel Ug a tbh ks ed a FOP A Bag SE RC ae Lb a 
mH a SA MAMAN RAHN NMRA RNR RAN RNA Ts 
oO = 1 1 
1 ' 
= oO | Sd aed ast peed rt OH TLL 74 Se ae LA NT RT PL GO CY eT ee SEU 1D AT yA mdm YO a Ts CCN Unt 
Toutes Om te be te tea on tense ee tae Kee AN Tet ate 
a oo es ee Tt in vo weren Wu 
lor} foe's) SAP dew lise Veiled Berta Lie ol CM eek ciate Utes 1S Rk Nes ed re 
=| {Vey Uh. -Atseg le be aT ame BB WAY ALCAN ARPA UU kp IIL)! Sette Ch SEN EST 
Bs es AAAAAAATAANMAMO A ANHANR HNMR N COON 
o (ue 
= = SSAA Se Fe IRAN NNN ARN et et es 
' 1 1 1 ' 1 Vat feenty 
1 Hester fie ae ' ese Sher ata Te SE 
Fal POR Ve aa) Ses UTM a JUTE BI TU caeT LAA AU RAT ST Soe PVD MLPA AION CaN NU Ia aes hy em eC Sep cuca (ea ae OT ae Re aT 8 
oo Cheep ear, IER {0's Upseee ney eT ae Ca Te Fara Lang] FU acid Peete ke 1 [As ae nan ed Wed Vp tad eA WT Mid eae be Ws ieee TW i CT Ua ate 
1 ' ! t t 1 ' t t 1 ' ' t ' ' t 1 i) i] i t J 1 t ' t ' 1 i] i) ' 1 t ' ' t ' 1 1 1 1 ' ' ' 
ee Dee a ae en re i er ee De Dr De Tn Dr 
Le) | 1 1 ' ae t 1 1 eee Lae Te Sh Ter 
! 1 t neti t 1 \ TeV Le ts PRLS 1 ed PUM (yeh sae FCT 
Ey a Pee Fa NTN LLANES TN a] Lem F UID) Gav MTL Lon pL Rd a Oe To nC NU VT CDP ot ST eg eT TS Le Le alt 
=H Dy les ihg Ash Weags; ced prea eoci ROPER AND alt etl SI geet) Uaeat ea Socata = Fie ne Lieoert hs TG Ube PA Se cpa 1 MeN MC ees ele ara OT 
t 1 1 ' t t ' t ' i] 1 1 t 1 1 1 i) i) i) i) 1 ' ' t t 1 ' ' i] ' ' 1 1 pC Pome h toe = Ve La Nee Pon a 
BA | AAAANM MO ONAN N AN MANA Nest po tt tt at area ae ae a 
i i) t 1 1 ' 
ICaeS es tts Shen ea ek 
DVS Ths ass rcs as Basa Hany LSP PSD PTLD se ONAN LG QT TU Us an CHM We 7 YON ML Tp RPE TPE RTT Ha 
nN (i tk TERM ATE ULLAL I Neer U teva | RY bes Vs iV et) (es oat (aed ea Ca Se aT Vea Che Mea ieee Lida Re (Ua SetTab wD PRP Ui ciag 
Cresall; TEE Ee se UU seechl Gansu Reet] eta’ Pamala Loe | Pant Fs) Doe eed Wud #* (PA | ye (cay Wyeast SMU ac a YORE SA 1 CM) ge Cc Fst °c utd DT Deal CE 
| 1 1 t 1 ' i] 1 ' ' 1 1 ' 1 1 1 t 1 t 1 1 t 1 1 1 ' 1 1 1 t ' 1 ' ' 1 ' ' ' 1 ' ' ' 1 1 
veal Lf TRIES Rome SLCC Ce al {oe (AR Lec 14 (kL PeS ee aM kt ees ReL oT Dn agli OR. wd Uo Nh Jy a) By Ts Ae) OT ete eth ETS ATS ru 18 el Vat 
t t t t ' 1 1 1 1 1 t i) t t i t i) 1 i] 1 1 i) 1 i) ' 1 i) 1 ' i 1 t ' ' 1 i] i) ' ' ' 1 ' 1 ' 
1 ' i ' ' ' 1 t ' t 1 ' ' t 1 1 i) ' ' 1 Ir 9) 1 t ' 1 ' t 1 ' ' ' ' 1 1 ' 
1 t 1 i 1 1 1 1 1 1 ' t t t 1 1 1 1 1 ' t t ' i) 1 1 1 t 1 ' ' ' 1 ' 1 1 
qc Theda celta eat Ue mfr ts 1c] UAT Riot Lc Yom Vay yA 399 NR a Ci) PUT] CoV i WP ee Co gS Fa Sel) Ht rece 
fo} t ' 1 1 1 ' 1 1 i 1 t 1 ' 1 ' ' ' 1 ' ' ' ' ' ' 1 ' t ' ' ' ' ' ' ' ' 1 
‘Se Lt Clem tee LIM WAT OTE LC 1 flea Ca CORUM gh mat PY ane) ek ene EDO YY) aR ACRS TC get Td PAY oh TU DF ape 
os LPI CREL Pane bat ed ey SR pS MON Pay CSE SRE STTN VTE ath Up Moment hm ee Cooma ll ek Ui Ma a) Fe Beit Grd Vaal ed bs Dipl ie 
24 ttt tot cleat edad ict led oleleleledod<tidede cdots tated wig nid 
as A GONORRAAM AAA AA Alon oD eS cps eo 
As 
be o 
° a 
ee 


90 BULLETIN 1393, U. S. DEPARTMENT OF AGRICULTURE 


. 


TaBue 3.—Daily rate of oviposition of the granary weevil—Continued 


Weevil number and oviposition record Daily 
Date of ee 
oviposition Hemi 
1) 2/3/4/5/6)7| 8] 9; 10] 11/12] 13/14) 15] 16/17 | 18] 19 | 20 | 21 | 22] 23 | 24| Ber 

1922 ‘ oh 
euhy) Wheels pe epee nd lp ee a eae seal tal en PS CHS ON ef ie es ea ha Fy RSE ea i 80 
OSE se We. pg | a | gd Tg | SENG poi. fs aa Re | ap |S ie ek i] ee 75 
SD (Af al re Se [ees | e WSs SU est, sy Wes i Z ea ae | ee b> 77 
eS aay <i | eos ee FS Fo Wee we esa a 1 Pe ee RSE 51 ee | ee 81 
ZS) ee 2 Di mi pa A AD) Ts We Se a an bE: He | Qa oR a [pees 79 
SOR ea a PAs TN ee al AAU etal Appeal <r 79 
eee es = se (Be pe ies) wees ae 2S ste Sct (A callie = es. 77 
Nog oS PE ST) mes il ae eg ea | DEE OE SEAS SOE Ne ae 
ear AN | Pen | ee (ate ae TUS San yi i a ea ey 1 ne 77 
Aa See A ae | 3 |e 2 Pec ha ep leg at FUN EP ed atin 77 
(oS renee SI age a Ps i Paces (sk fe Rapes (ete | aS ae 3 | a 5 cE | ed eid 80 
Go et Heal SVR Enea Sele Ls il aa pe hia ce pee NI ay 78 
Bs | 3 RAN | cea ee zl iy ie ay ate a PAR ue | a a ae u 12 
iB} beer co De ea Pept he a Ti SR a ea SURES SA Le EGS 75 
PS Bago SOURS A IE alt TU pes SS a Fae 2a | 2 AES a | a | a bs 76 
PSUS) Oat ra! ele ge eG Di de Fe a A SJ es at sic a6 = | ie Pp ea Ey cl ea 4 76 
Some ake bs TU yea Lalas a £ 75 
Eyes ail fee | Pita hs dota 2 pee RE cae UTS 2S NS 3 i eit aS 80 
ES J I 8 ep a Ae ee che | ge se | sale 77 
UCC Pe eh yi oS a af ds i pene ae Hat a is a § 78 
a aCe ca sp |e P| A fe 1 a Sa Ne i eS ae 74 
TAPS eae 2a ce nro] Per bef STi see | ne 2, hes | hea RE ie | Re a 17 
A Ey ABE aster CE a ooh mol Pll pA tet S Le ef copa a) pee iS os fo a2 70 
UO eS ea FeV gl nes ol Ci AUPE Sas SS fs pa | ea 68 
PA) PRPS Make ae anal Bele a et li NS ele SUN SS 2H a ae ise fa bf ees Sesslee 69 
Pe WES 3 CSM a (ee ad Fal Se ee SU sa ee fee oy He he SI S 70 
DA ia Nig alle Sede onal s Rol we Uy stats pec ace Pa Re | a | one ae i Ss SEP 73 

/ 1" i 
Total eggs___| 65) 71/145]/128)130} 98)130)242) 78)108/197} 36 135)126)234)181)184) 74/114/200)177, 166/210) 95)_____- 


During the experiments recorded in Table 3 the average moisture 
content of the grain (corn) was about 12 to 14 per cent. It will be 
noted that from one to five eggs were laid per day when oviposition 
took place; 58.4 per cent of the 2,199 records of oviposition were for 
one egg per day, 33.4 per cent for two eggs per day, 7 per cent for 
three eggs per day, 0.9 per cent for four eggs per day, and 0.3 per 
cent for five eggs per day. On the 5 days when five eggs per day 
were laid the meantemperatures were 70°, 70°, 68°, 69°, and 75° F. © 
and not more than two of the females under observation deposited 
so large a number of eggs on any one day. On the 19 days when 
four eggs were deposited each day, the mean temperatures were 70°, 
67°, 60°, 65°, 64°, 67% 67°, 68% 70° 70°, 70° 66°, 662 TO meade 
70°, 68°, 80°, and 67° F. The more usual number of eggs deposited 
per day appears to be one or two. In one instance when the mean 
temperature fell as low as 58° F., 6 females deposited one egg each, 
16 females deposited two eggs each, and 1 female deposited three 
eges. When these records were made (April 2) the female weevils 
were in the midst of spring activity. Earlier in the year, on February 
20, when the mean temperature was 58° F., but at the beginning 
of spring oviposition, 9 females deposited one egg each and only 1 
female two eggs. One female, No. 20, on two occasions deposited 
three eggs for four consecutive days when the temperature means 
were 69°, 66°, 68°, amd 67° F., and'75°, 74°, 75°, and 74°F. Waas 
interesting to note, however, that during the latter period of four 
days when a second female (No. 3) also deposited three eggs each 
day, other records show but one egg deposited in 32 instances, two 
eggs in 19 instances, and three eggs in only 1 instance. A female, 
No. 11, deposited only a single egg per day on the 39 oviposition 
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days between June 23 and September 25, when she died, although 
the temperature means for this period ranged from 68° to 88° F. 
and averaged well above 70° F. This female, which began oviposit- 
ing on January 28, was therefore nearing the end of her life ; still 
she deposited but one egg on each of 120 oviposition days, two eggs 
on each of 31 oviposition days, and three eggs on each of 5 oviposition 
days. - 

In the absence of definite data on the normal larval mortality, 
it is believed to be rather high, and this is thought by the writers 
to account for the somewhat higher daily rate of oviposition recorded 
in Table 3 as compared with the conclusion of Strachov-Koltchin (65). 


DURATION OF OVIPOSITION 


The duration of the oviposition period is influenced by several 
factors and varies considerably. (See Tables 2 and 3.) Those 
adults that emerge late in the season and commence egg laying in 
the fall have a long oviposition period. They cease ovipositing on 
the approach of cold weather and commence again in the spring, 
during February or March. Thus weevil No. 3, of Table 3, emerging 
on September 5, began ovipositing September 15, and oviposited 
almost daily until September 28, when Bie ceased laying until March 
10, only to resume egg laying and to continue it almost daily until 
June 1, ceasing entirely on June 12. This record of duration of 
oviposition of 270 days is second only to that of 287 days, August 27, 
1920, to June 10, 1921, by a female depositing 254 eggs. (No. 8, 
Table 2.) 

Adults emerging in the spring have a shorter oviposition period, 
because they deposit all their eggs during a single season. The 
shortest oviposition period recorded in Table 3 is 67 days, Weevil 
No. 9, March 19 to May 25, 1922. Weevil No. 11 of Table 3, 
depositing a total of 197 eggs, emerged on October 25, 1921, but did 
not begin ovipositing until January 28, 1922, after which she laid 
eges with considerable regularity until September 24, 1922, thus 
having an oviposition period of 239 days. Weevil No. 8, with an 
egg-laying capacity of 242, emerged November 7, 1921, began ovi- 
positing February 18, 1922, and continued until August 6, 1922, an 
oviposition period of 169 days. 

he average length of the oviposition period for adults emerging 
during the spring and early summer is between three and four months. 


NUMBER OF EGGS DEPOSITED BY SINGLE FEMALES 


The data of Strachov-Koltchin, which are the only data previously 
published on the egg-laying capacity of the granary weevil, were 
obtained with promiscuously captured females. From 11 females 
he secured 65, 78, 87, 107, 116, 121, 129, 135, 149, 153, and 167 eggs 
respectively. But he concluded that “since the females used were 
in most cases not young, it is possible to assume that a normal num- 
ber of eggs deposited by a single female during her life is 135 to 167.” 

The 24 females of known ages, the oviposition records of which are 
given in Table 3, deposited totals of 36, 65, 71, 74, 78, 95, 98, 108, 
114, 126, 128 130, 130, 135, 145, 166, 177, 181, 184, 197, 200, 210, 
234, and 242. The largest number of eggs deposited by any single 
female recorded is 254 (Table 2, No. 8). In Table 2 are recorded 
the total numbers of eggs deposited by 35 females, the daily oviposi- 
tion records of 24 of which are given in Table 3. 
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THE EGG 


INCUBATION PERIOD 


Data on the incubation period of the granary weevil accompanied 
by the maximum, minimum, and mean temperatures for the period, 
have never been published. References to the length of the egg 
stage are very fragmentary except those by Strachov-Koltchin 
(65), in which the day, but not the night, temperatures are given. 
This writer concludes that the incubation period may range from 
about 5 days at 75° F. to 15 days at 62° F. Observations made on 
individual eggs indicated that at 75° F. the incubation period might 
be 5 to 6 days; at 73° and 82° F., 6 days; at 69° F., 8 days; at 68° 
F., 9 days; and at 67° F., 9 to 10 days. 


TaBLe 4.—Duration of the egg stage of the granary weevil 


Temperature Temperature 
for incubation for incubation 
period - period ? 
Length Length 
Date egg | Date egg Date egg | Date egg 
No. H of egg No. 7 of egg 
laid hatched | 5 stage laid hatched | E stage 
H/8] « BH) 8] 2 
wl cs) K |g 3 
& = 7) as} = (>) 
a\|a| ea a\al| ea 
1919 1919 CIDE 04 ee ob Days °F) °F) °F. | Days 
1 Rasa eas Sept. 30 | Oct. 5 | 98 | 67 | 79.8 5 96 81.5 4 
Dae ns Oct ay |= adors 98 | 68 | 78.0 4 95 82.8 5 
Zr Oct. 2) Oct. 6} 98} 68} 83.1 4 89 70. 9 7 
A Dei Oct. 3] Oct. 7] 98} 67 | 83.1 4 72.1 6 
jeeps Oct. 15 | Oct. 19 | 94 | 67 | 80.4 4 68. 5 5 
62.9 5 
90 | 54 | 69.7 6 61.0 15 
95 | 52 | 76.8 6 60. 0 10 
95 | 58 | 77.5 6 61.2 8 
95 | 55 | 78.1 z 6 
85 | 46 | 66.6 6 61.2 9 
90 | 46 | 68.7 5 62. 6 9 
92 | 54 | 76.1 5 64.0 9 
93 | 62 | 78.9 5 |! 67.6 12 
93 | 69 | 79.9 4 66. 2 12 
93 | 66 | 78.6 4 66. 5 12 
96 | 70 | 82.9 4 65. 2 12 
94 | 68 | 81.0 4 85. 4 4 
94 | 68 | 81.3 5 81.5 4 
94 | 70} 81.5 4 83. 5 4 
95 | 68 | 80.5 4 76. 5 5 
93 | 69 | 80.2 4 72. 5 5 
96 | 68 | 81.6 Ald |e eee So ett ee een ee 


Of the data presented by the writers in Table 4, those for 1919 
and 1920 were secured under the semitropical conditions of Florida 
and those of 1921 under laboratory conditions at Washington, D. C. 
These data indicate that the minimum period for egg development 
is 4 days when the temperature means average about 78° to 80° F. 
The longest incubation period, 15 days, recorded in Table 4, covers 
a period when the daily temperatures ranged from a minimum of 
35° F. to a maximum of 84° F., with a mean of 61° F. But at a 
mean. of 60° F., with the same range in the maximum and minimum 
temperatures for the period, one egg (No. 30) required only 10 days 
for development. Certain eggs held for 28 days in refrigeration at 
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30° F., and then removed to a warm temperature, hatched 32 days 
after deposition. Although 4 days is the minimum period observed 
by the writers, eggs have been observed to hatch in 5 days after 
deposition when the temperature for the incubation period ranged 
from a mean of 68.7° F. (90° F. maximum, 46° F. minimum) 
and of 82.8° F. (95° F. maximum, 68° F. minimum). 

Although the data of Table 4 indicate that the length of the incu- 
bation period is from 4 to 15 days under more normal conditions and 
may be extended over a period of at least 32 days during colder 
weather, there are dealers in grain who firmly believe that eggs are 
capable of passing through a very long period of development, and 
that they are capable of a suspended development when temperature 
conditions are unfavorable to growth, only later to resume normal 
development upon the return of favorable temperature conditions. 
It has been found that the female weevils do not begin to mate and 
lay eggs until the temperature is from 61° to 63° F., and that even at 
these temperatures eggs are not deposited every day. It is not until 
the temperature has risen to 66° to 68° F. that mating and oviposition 
occur daily. It would appear from observations that eggs are not 
deposited at temperatures below the minimum at which they can start 
development. Should the temperature drop to below 50° to 55° F. 
for a considerable period, there is every reason to believe that ege 
development is suspended indefinitely and that eggs perish for lack 
of warmth. No eggs were observed to hatch after the temperature 
of the grain had reached 95° F. or above. 


THE LARVA 


When the embryo is fully developed, its undulating movements 
cause a rupture of the thin eggshell, and the young larva emerges to 
find an abundance of food ready at hand. It immediately begins to 
feed, burrowing through the tissues of the seed, forming a winding 
tunnel that increases in size with the growth of the larva. The 
tunnel is often close to the surface of the seed, and in corn, particu- 
larly, the progress of the larva is sometimes distinctly visible through 
the seed coat (fig. 4). 


FOOD OF THE LARVA 


The larva breeds in all the common grains, such as corn (fig. 4), 
oats, barley (fig. 2), rye, wheat (fig. 3), kafir, buckwheat, millet, and 
also in chick-peas (fig. 9). It is said to breed in acorns, chestnuts, 
and sunflower seeds, although Strachoy-Koltchin states that he failed 
to get them to breed in sunflower seeds. It is unable to breed in loose 
farinaceous material, such as flour and semolina used in making 
macaroni, but breeds readily in manufactured products of cereals, 
such as macaroni (fig. 5), noodles, and probably other similar prod- 
ucts, and in milled cereals that have become badly caked from excess 


moisture. The larva feeds on all parts of the seed, but prefers the 
soft starchy portion. As it bores and tunnels through the seed it 
thrusts the borings and frass behind it, so that the mine it leaves 
behind is always filled. It has been found that larve can feed in 
grain with a moisture content as low as 8 per cent, although feeding 
undoubtedly progresses more normally when the moisture content is 


about 14 to 16 per cent. 
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LENGTH OF LARVAL STAGE 


The length of the larval stage is influenced chiefly by temperature | 
and moisture. With a good food supply of normal moisture content 
the larval stage during summer months was found to last from 19 to 
34 days. Individual larvee showed considerable difference in the 
length of the developmental period; thus two larve completed their 
development during summer in 19 and 34 days, respectively, when 
the mean temperatures ranged from a maximum of 93° F. to a mini- 
mum of 70° F. The longest larval development recorded by the 
writers is 59 days, when the mean temperatures varied from 77° to 
49° F. The development of 44 larve is recorded in Table 5. In 
Russia Strachoy-Koltchin (65) found that the period for larval devel- 
opment varied from 211% to 84 days, according to the temperature. 


NUMBER AND DURATION OF LARVAL INSTARS 


The larva of the granary 
weevil molts three times at 
more or less regular inter- 
vals. The first three in- 
stars are usually about 
equal in length; the fourth 
is somewhat longer. Dur- 
ing summer weather the 
first three instars are of 
from 4 to 5 days’ duration 
and the fourth lasts from 6 
to 19 days. The duration 
of the larval instars with the 
mean temperature for the 
period is given in Table 5. 

These data indicate that 
the first larval instar was 
from 4 to 12 days in length 
when the temperature 
means .were from 84° to 
Fic. 9.—Chickpeas sectioned to reveal honeycombing ie il© 128 the second instar 

es ghee’ by feeding of larve and adults of the from 4 to 14 days in length 

when the means Varied 
from 84° to 59° F.; the third instar from 4 to 17 days in length when 
the mean temperatures for the period varied from 84° to 59° F.; the 
fourth larval stage from 6 to 24 days when the temperature means 
varied from 84° to 59° F. 


THE PUPA 


After attaining its growth the larva prepares a pupal cell at the 
end of its burrow, using a mixture of frass, borings, and larval secre- 
tions to wall in the open end of its burrow. If the cell is accidentall 
broken open before the larva has transformed, the break 1s repaired. 
After the cell is completed, the larva assumes a prepupal form that 
normally lasts for one day in summer or two days in colder weather 
before it transforms to the pupal stage. Data regarding the length of 
the pupal stage are given in Table 6. 
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TaBLE 6.—Duration of the pupal stage of the granary weevil 


Date of— 

Length 
No. pupal 
Pupa- Emerg: stage 

tion ence 
rR 1919 Days 
ja Oct. 25 | Oct. 30 5 
PAS Bie OB Nov. 1] Nov. 6 5 
se Sree Oct. 27 | Nov. 1 5 
da Bees Nov. 1] Nov. 6 5 
ieee & Nov. 10 | Nov. 17 7 

1920 

(ae ae BS Apr. 26} May 3 i 
y (eke Apr. 30} May 6 6 
oaee = Apr. 28| May 4 6 
Sans Apr. 29} May 5 6 
Ise == May 9] May 15 6 
TS Svea May 12} May 18 6 
; Pas Mayas \|*--do- 5 
) Se eee May 19 | May 24 5 
14en July 16} July 22 6 
Sa a a Aug. 3 | Aug. 10 7 
§Gc5. July 26 | Aug. 1 6 
Mase f= Aug. 14 | Aug. 21 0. 
te Aug. 9 | Aug. 15 6 
A9kee eS Aug. 19 | Aug. 25 6 
7. | = ae Aug. 21 | Aug. 27 6 
pA Ye Serle Sept. 1] Sept. 6 5 
DOPE = Sept.:28 | Oct. 3 5 
At aes Sept. 30 | Oct. 6 6 


Mean tem- 
peratures Date of 
No. 
Maxi-| Mini- Pupa- Emerg- 
mum |} mum tion ence 
os 1a 1920 
91 66 |} 24_____ Oct. 10] Oct. 16 
86 66) || 2522s Nov. 10 | Nov. 18 
91 67 
86 66 1921 
81 59) || 26:ee Jan. 3] Jan. 13 
27 Jan. 7] Jan. 16 
28: 8 Jan. 15 | Jan. 31 
86 64 || 29-2aee Jan. 12) Jan. 22 
88 62 || 30.232 Jan. 29 | Feb. 12 
85 61 || sie Feb. 3] Feb. 13 
87 61) || 320aaae Feb. 12 | Feb. 23 
89 62 || 33228 Mar. 3] Mar. 18 
88 65 || 34_____ Mar. 13 | Mar. 23 
88 66! || 35-5 eaees do .___| Mar. 21 
88 63) || 36225 Mar. 28 | Apr. 5 
93 i || 3 Mar. 25| Apr. 2 
91 70 || 3822 eas do.___| Apr. 1 
92 70) || 392 Apr. 41] Apr. 10 
93 69 
94 70 || 40_____ Aug. 28 | Sept. 3 
95 69 || 41_____|_.-do ____| Sept. 2 
95 69 || 42_____ Aug. 29 | Sept. 3 
93 70) || 4355258 Sept. 17 | Sept. 22 
82 60 || 44_____ Oct. 31 | Nov. 7 
81 59 | 


Lengt 
pupal 
stage 


STono1e1d> oO =1000000 


Mean tem- 


t 
bh peratures 


Maxi- | Mini- 
mum | mum 
oF. oF, 

88 58 
74 
79 52 
75 48 
75 48 
77 49 
79 53 
79 54 
80 47 
78 59 
90 61 
91 62 
85 +62 
87 63 
87 63 
89 60 
Mean 

82 

82 

84 

77 

68 


These data indicate that during the warm season of the year, when 
the mean temperatures vary from a maximum of 85° to 95° F. to a 
minimum of 61° to 71° F., the pupal stage may require a minimum 


of 5 days for development. 
pupal development was completed in from 5 to 7 days. 


During the hottest summer weather 


Certain 


pupz completed their development in 5, 6, and 7 days when the 
mean temperature was 77°, 82°, and 68° F., respectively. During 
the colder season six pup completed their development in 16, 10, 
14, 10, 11, and 15 days when the mean temperatures were 61.5°, 63°, 
66°, 66.5°, 63,5°, and 68,5° F., respectively. 
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LENGTH OF DEVELOPMENTAL PERIOD 


The length of the developmental period of the granary weevil is 
comparatively short during moderately warm weather. The cycle 
from egg to adult is recorded in Table 7. 


TaBLE 7.—Duration of the developmental period of the granary weevil 


Number of daysin— | Num- Number of days in— | Num- 
ber of inieae ber of een 
days |temper- days |*emper- 
No. anal ature No. from | ature 
Egg | Larval| Pupal Rome for Egg | Larval | Pupal egg to for 
stage | stage | stage eae period stage | stage | stage aie period 
Sse ae) OF 
5 20 5 30 SONAaP 232. = ee 4 24 6 34 80. 0 
4 27 5 36 80. 4 || 24______- 5 32 6 43 77.3 
4 21 45) 30 80545) 2582 =. 22 7 29 8 44 70. 4 
4 25 5 34 SONAR 26h2 = as 7 51 10 68 64.3 
4 22 7 33 es (||| 27S 6 55 9 70 64.3 
6 33 7 46 ED || Ace 5 59 16 80 62.9 
6 30 6 42 73.6 || 29-__.--- 5 53 10 68 62. 9 
6 27 6 39 (858 N|\ Bae 15 41 14 70 62.9 
6 26 6 38 16} B || Bil eae 10 40 10 60 63. 3 
6 24 6 36 (ARON O2e= 22S 8 50 11 69 63. 1 
5 24 6 35 GE || CBee 9 42 15 66 65.7 
5 22 5 32 (fa, ||) Se 9 42 10 61 66. 0 
5 24 5 34 Us) || sees 9 40 8 57 66. 7 
4 19 6 29 SONS) || e6e2 12 44 8 64 67.0 
4 ~ 34 Zw 45 STO serene 12 39 8 59 68. 6 
4 19 5 28 SHE Al) Bess otS= 12 38 7 57 68. 6 
4 27 i 38 CH Gyal| ei oes 12 40 6 58 69. 7 
5 20 6 31 Sion | pa 0Pee sees 4 29 6 39 79. 0 
4 26 6 36 Rolly fay) bese a 4 25 5 34 79. 0 
4 24 6 34 Slo azo ee = 4 23 5 32 79. 0 
4 23 5 32 81.5 || 48_------ 5 28 5 38 78.1 
4 23 5 32 79.3 || 44__----- 5 30 a 42 70. 0. 


Several specimens were reared from egg to adult in 28 days, and 
this together with a preoviposition period of about 7 days would 
give a possible complete life cycle from egg to egg of 35 days. This, 
however, is a much shorter life cycle than normal, for in summer the 
average length of the period from egg to adult, as shown in Table 7, 
is between 30 and 40 days, and the preoviposition period may be 
as short as 6 days in midsummer or, when the adult emerges in the 
fall or early winter, as long as 123 or 148 days. In the vicinity of 
Washington, D. C., there are between three and four generations a 

ear. 
| RESISTANCE TO HIGH TEMPERATURES 


As already recorded by the writers (3), the granary weevil is not 
very resistant to high temperatures. Exposure for a very few hours 
to 115° F., for one hour to 118° to 120° F., or for 30 minutes to 
130° F., will kill all stages. Moderately high temperatures also are 
fatal to the granary weevil if maintained for any length of time. 
Of adults placed in an incubator maintained at 95° F., four-fifths 
died on the fifth day of exposure, a few survived for 9 days, and one 
for 13 days. Little, if any, feeding occurred during this period and 
no eggs were laid. Eggs incubated at 95° F. failed to hatch, and 
larvee exposed to this temperature did not complete their develop- 
ment. 

RESISTANCE TO LOW TEMPERATURES 


The granary weevil prefers a cool climate in which to breed and is 
much more resistant to low temperatures than is the rice weevil. 
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The effect of a moderately low temperature is to prolong the life of 
the adult weevil. As already recorded by the writers (5), a few of 
the weevils placed in an ordinary refrigerator with a temperature 
that ranged ——_ 50° and 60° F. lived for a period of 29 months. 
They were almost inactive at this temperature but fed occasionally. 
When kept at a temperature of 35° to 40° F. a few adults lived as 
long as 111 days, whereas at temperatures ranging from 40° to 45° F. 
atin survived for 105 days. A temperature of 30° to 35° F. proved 
fatal to adults of the granary weevil after 73 days. A temperature 
of 25° to 30° F. killed all adults within 46 days. At 20° to 25° F. all 
adults were dead at the end of 33 days; at 15° to 20° F., at the end 
of 14 days; at 5° F., at the end of 74% hours. A constant tempera- 
ture of zero proved fatal to adults of the granary weevil at the end 
of an exposure of 5 hours. 

Twenty per cent of the eggs of the granary weevil survived an 
exposure to a constant temperature of 30° F. for 28 days. Larve 
exposed to this temperature survived for 44 days. 


PARASITES 


The granary weevil is attacked by several parasitic Hymenoptera 
while in the larval and pupal stages. The two most commonly 
observed in North America are Aplastomorpha calandrae Howard and 
Chaetospila elegans Westw., while Lariophagus distinguendus Forst. is 
apparently the most abundant parasite of the granary weevilin 

urope. Goodrich (34), m 1921, wrote regarding parasites of beetles 
infesting grain. 

A predacious mite, Pediculoides ventricosus Newport, frequently 
tees the egg, larva, and pupa of the granary weevil. 


CONTROL MEASURES 


Control measures consist chiefly in the use of heat, cold, and.fumi- 
gants. The use of heat, in the ordinary grain heating and drying 
equipment on the market, seems not to be popular with grain dealers 
since grain is purchased by weight and heating results in the loss of 
moisture. A temperature of 118° F. to 120° F. for one hour or of 
130° F. for 30 minutes kills all stages of the weevil actually subjected 
to it. It should not be forgotten that the grain must be heated 
sufficiently to allow the proper amount of heat to penetrate to the 
insects concealed within. kn quarantine work the Federal Horti- 
cultural Board has found it advisable to require that corn entering 
this country from Mexico be subjected to a temperature of 200° i. 
for at least five minutes to insure freedom from insect. pests. 

Dean (15) and Goodwin (33) have published on heat control. 

Carbon disulphide is the only fumigant at present in general use in 
the United States for killing weevils in grain in bulk. When carbon 
disulphide is used at the rate of from 5 to 15 pounds per 1,000 bushels, 
according to the tightness of the crib, the granary weevil can be 
killed in all stages. Carbon tetrachloride alone and ethyl acetate- 
carbon tetrachloride mixture (47) vary in effectiveness and must be 
used from two to four times as strong as carbon disulphide. ‘The 
ethyl acetate-carbon tetrachloride mixture, however, is not entirely 
satisfactory to the grain trade on account of an odor which this mix- 
ture may leave. 
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The running of grain from bin to bin during very cold weather has 
been practiced. The writers observed this method of reducing the 
temperature of grain during the war period when wheat, in beimg 
transferred, was allowed to fall lpotigh the air during zero weather 
from a height of about 25 feet. If grain can be sufficiently chilled 
by running, it can be protected from weevil attack. Even if its tem- 
perature can not be lowered to the point where the cold will prove 
fatal to the insect’s life, much good will result from the suspension 
of its activity. 

Since the control of the granary weevil is not different from that 
of grain pests in general, no further discussion of control measures is 
given. 

SUMMARY 


The granary weevil, Sitophilus granarius L., has been known as a 
grain pest from ancient times. Recognized as a distinct species by 
Linné in 1758, it has since been discussed as a pest of economic im- 
portance by many writers but has not been studied seriously, from 
a biologic standpoint, until within the last few years. It is often 
confused with, though easily distinguished from, the closely related 
and more destructive rice weevil, Sitophilus oryza L. 

The granary weevil is considered to have originated in either Asia 
or the Mediterranean region. Unlike other members of the genus 
Sitophilus, however, which thrive best in tropical and semitropical 
climates, the granary weevil is now distinctly a temperate-climate 
species with a world-wide distribution. In the United States it ap- 
pears to be giving way to Sitophilus oryza, and to be the prevailing 
calandrid species only in the more northern States. 

Provided with no effective wings and by nature not very active, 
the granary weevil is found primarily in the granary or storehouse 
and depends upon man for dissemination. It does not appear to be 
well equipped to meet present-day methods of handling and pro- 
tecting grain, with the result that, in the United States at least, it 
seems to be losing some of its importance as a pest in grain and 
certain grain products. 

Like calandrid pests in general, the granary weevil causes the de- 
struction of grain and grain products by the direct feeding of the 
adult beetle and its larva. Adult beetles, being long-lived and vora- 
cious, devour much grain throughout their life. They feed not only 
upon whole grains but upon stock feeds containing cracked grain 
and even upon finely divided products such as flours. The larvee 
feed upon whole grains or upon portions of grains sufficiently large 
to support the larva throughout its entire development. Although 
larvee will not develop in finely divided cereal products such as flours 
and meals, they can probably develop in these when they become 
caked from one cause or another. The adult weevils occasionally 
are destructive by boring holes in the cartons of packaged cereals. 

The granary weevil hibernates during the winter months as adult 
or larva. With the approach of warm spring weather, the adults 
begin to oviposit and the larve to feed and transform. Newly ma- 
tured adults may remain in the seeds for some time before they 
emerge. Shortly after emergence copulation takes place and is re- 
peated at frequent intervals throughout life. Parthenogenetic eggs 
may be laid occasionally, but do not hatch. 
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It has been found that of adults held at 85° F. under starvation 
conditions 50 per cent may die by the end of the first week, with a 
certain few surviving for 19 days. Others, kept at 55° F., were 
very sluggish; 50 per cent survived for about 3 weeks, and one for 
65 days. When given food, adult life is much longer and averaged 
between 7 and 8 months. Numerous adults lived well over 1 year 
and of certain adults subjected to a temperature ranging between 
50° and 60° F’., a few lived for 2 years and 5 months. 

Adults begin ovipositing during summer as early as six days after 
emergence. In early spring the preoviposition period is about three 
weeks. Adults that emerge late in the fall have the longest preovi- 
position period, since they hibernate and do not begin ovipositing 
until the following spring. The extremes found in the preoviposition 
period were 6 and 148 days. 

The granary weevil lays from one to five eggs per day when ovi- 
position occurs, although one or two eggs per slnep is the more usual 
number. There is, however, consideaale variation, as between dif- 
ferent females, in the number of eggs laid per day under identical 
temperature conditions. This same variation extends to the dura- 
tion of oviposition and to the total number of eggs laid by females. 
The longest oviposition period recorded was 287 days, from August 
27 to June 10 of the year following. The shortest oviposition period 
was 67 days, from March 19 to May 25. The average length of the 
oviposition period for adults emerging during spring and early sum- 
mer is between three and four months. The total ege-laying ca- 
pacity of single females varied from 36 to 254. 

The incubation period varied in length from 4 days at a mean 
temperature of 78° to 80° F. to 15 days at a mean of 61° F. No 
eggs were observed to hatch after the temperature of the grain had 
reached 95° F. or above, or when it had fallen to 50° to 55° F. 
Since adults do not oviposit until the temperature is from 61° to 
63° F., and do not oviposit with regularity until a temperature of 
66° to 68° F. is reached, there seems little reason to believe that eggs 
are ever laid when they can not hatch within 15 days, unless it be 
in late fall on approach of cold weather, when they will fail to hatch 
and will die. 

The larva must have for food seeds in size sufficient to supply 
its growth requirements. In its growth it molts three times at more 
or less regular intervals. Where development peaseced fairly rapidly 
the duration of the four larval instars was found to be as follows 
when the mean temperature varied from 59° to 84° I*.: First instar, 
4 to 12 days; second instar, 4 to 14 days; third instar, 4 to 17 days; 
fourth instar, 6 to 24 days. With a good supply of normal moisture 


content the larvee completed their development in from 19 to 34 days 
during summer weather when the mean peo peretute ranged from a 
maximum of 93° F. to a minimum of 70° F. The longest larval 
development recorded by the writers is 59 days when the mean tem- 
peratures varied between 77° and 49° PF. 

After attaining its growth the larva prepares a pupal cell, and 
after from one to two days in the prepupal form it transforms to 
the pupa. During the hottest summer weather, when the mean tem- 
peratures vary from a maximum of 85° to 95° F. to a minimum of 


61° to 71° F., the pupal stage lasts from 5 to 7 days (mean tem- 
peratures for the period varying from 68° to 82° F.). During colder 
weather, with a mean temperature for the period of development 
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ses from 61.5° to 68.5° F., the pupal stage lasted from 10 to 
16 days. 

The developmental period from egg to adult may be completed in 
28 days, which, with a preoviposition period of 7 days, makes pos- 
sible a life cycle from egg to egg of 35 days. The normal ege-to- 
adult cycle in summer is between 30 and 40 days, to which should 
be added, in securing the egg-to-egg cycle, a period varying from 6 
days in midsummer to 148 days if the adult happens to emerge dur- 
ing the fall and hibernate as adult. There may be three or four 
generations a year in the vicinity of Washington, D. C. 

The granary weevil is very resistant to low temperatures. Prac- 
tically ail of a large number of adults refrigerated at 30° to 35° F. 
were found alive after one month, and a few survived for 73 days. 
Adults exposed to a constant temperature of 15° F. survived only for 
9 days, to 5° F. for 74% hours, and to zero Fahrenheit for 5 hours. 
Of eggs exposed to 30° F. for 28 days, 20 per cent survived. A few 
larve survived refrigeration at 30° F. for 44 days. 

The granary weevil is not very resistant to high temperatures. Ex- 
posure for a few hours to 115° F. will luil all stages, and all stages 
are killed within one hour when exposed to 118° to 120° F. Moder- 
ately high temperatures are also fatal if mamtaimed for any length 
of time. At 95° F. four-fifths of the adults died on the fifth day of 
exposure, and a few lived 9 days, and one for 13 days; little or no 
feeding occurred and no eggs were laid. Eggs incubated at 95° F. 
failed to hatch, and larvee exposed to this temperature did not com- 
plete their development. 

The granary weevil in both larval and pupal stages is attacked by 
several hymenopterous parasites. Although these may become very 
numerous at times, they can not be depended upon for effective con- 
trol, which can be secured only by heating the grain to a tempera- 
ture of 125° F. or above, or by fumigation with standard effective 


fumigants. 
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ECONOMIC RELATIONS OF BATS 


Much has appeared in the public press in recent years about bats, 
their valuable deposits of guano, their alleged destruction of malarial 
and other mosquitoes, and the possibilities of increasing their ‘use- 
fulness to man by building artificial roosts for them, and many 
ae it information on these subjects have come to the depart- 
ment. O. Howard, chief of the Bureau of Entomology, in 
a fee on “Mosquitoes and Bats” read before the meeting of the 
New Jersey Mosquito Extermination Association in 19161 discussed 
the subject chiefly from the viewpoint of the alleged destruction of 
Anopheles in the vicinity of a bat roost near San Antonio, Tex. 
Further definite information on the life history and general habits 
of bats is still in demand from entomologists and officials in charge 
of health administration and general education. 

The available information on the bats of North America would 
fill a large volume, for scattered from Panama and the Antilles to 
Alaska and Labrador there are about 260 species and subspecies be- 
longing to 77 genera and 8 different families. Some of the tr opical 
species are blood- sucking vampires and others are fruit-eaters, but 
nearly all the bats of the United States and farther north are 
insectivorous. Still the habits of the different species often differ 


as widely as do their structure, appearance, and range, and the useful 
1 Reprinted also in Public Health Reports, vol. 35, no. 31, pp. 1789-1795, July 30, 1920. 


(Reprint No. 715). 
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habits of one species may not apply to others of the same or distant 
localities. Generalizations from one species can not be safely ap- 
plied to others without a full knowledge of their habits. -Certain 
bats of highly colonial habits are found in the Tropics and across 
the southern United States, limited mainly to the southern parts 
of these States, but these colonial habits do not apply generally 
to the more northern bats and by no means to all species in the 
South. This bulletin discusses the relation of colonial bats to the 
production of guano and the destruction of insects.? 


THE MEXICAN FREE-TAILED BAT 


Most of the sensational reports of discoveries of a great commer- 
cial value of bats as well as of sanitary benefits from their presence 
have been based on one species occurring in southern Texas, the 
Mexican free-tailed bat, Tadarida mexicana, long known in litera- 
ture as Vyctinomus mexicanus, and belonging to the mainly tropical 
family Molossidae. In tropical and subtropical America, the West 
Indies, southern Europe, eastern Africa, southern Asia, Australia, 


Fic. 1—Mexican free-tailed bat (Tadarida mericana), a small sooty-brown mam- 
mal with a wing spread of about 12 inches; habitant of Mexico and the arid 
Southwest, and the only species in the United States known to produce guano 
in commercial quantity 


and many islands of the Pacific there are about 40 species of the 
genus Tadarida, but only 4 of these reach northward into southern 
United States, and only i is known from southern Texas. | 

The range of bats of the species Tadarida mewicana is in general 
restricted to the arid and semiarid sections of the Lower Austral 
Zone in the United States from Texas to California, and extends 
also throughout most of the warmer parts of Mexico. The north- 
ward limit of their range is apparently fixed by temperature or 
suitable food supply, and_ the eastward perhaps by the presence 
of a related species, Tadarida cynocephala, with very similar habits 
but occupying the humid division of the Lower Austral Zone from 
southern Louisiana to Florida and South Carolina. Two closely 
related forms Zadarida femorosacca and Tadarida depressa, are of 
rare occurrence in the Southwestern States. 

The Mexican free-tailed bats are small, sooty-brown mammals 
spreading about 12 inches across extended wings, with projecting 


i : Fi 9 ; bell 

2 ile this bulletin was in press a volume just published, by Charles A. R. Campbe , 

fs Na uMOcauitooes and Dollazs.” was received. The book does not in any way alter 
the conclusions as set forth in these pages. 
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tails, short, wide ears pointing forward over the eyes like a hat rim, 
and short velvety fur. (Figs. 1 and 2.) Individually these bats are 
cleanly animals, but they have the extremely strong musky odor 
peculiar to the-group. This permeates the air of every cave or 
* house which they occupy in any numbers. In some houses where 
they are present in large numbers it becomes almost unbearably 
strong, and its offensiveness is increased by the added pungent odor 


Fic. 2,—Mexican free-tailed bat se ere mericana), natural size (see also 
figure 1) 


of ammonia from their excrement. In many houses where bats are 
found among the tiles of the roofs of porches and in crevices over 
the lintels of doorways and similar places, the odor pervading the 
premises often advertises their presence to anyone approaching. 

In the numerous reports on bat guanos and their chemical com- 
ponents and value as fertilizer, samples have been listed from 
the caves of Africa, India, China, South America, the West Indies, 
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Texas, and New Mexico. In Porto Rico 110 caves have been listed, 
containing from 12 to 3,144 tons of guano, and many others exam- 
ined containing little or no guano.’ In no case is the species or 
genus of bat responsible for the guano deposits mentioned, but in 
every case the records of deposits lie within the range of some 
species of the genus Zadarida. This does not mean that these are 
the only bats producing guano of high fertilizer value in commercial 
quantities, but so far as known they are the only bats in America 
sufficiently gregarious to do so. 


BAT CAVES 


The most strikingly characteristic habit of Mexican free-tailed 
bats is that of gathering in large colonies in caves and buildings. 
This habit renders them valuable through the production of large 
quantities of guano, and possibly through the consumption of many 
kinds of injurious insects. ‘They are especially numerous in south- 
ern Texas and New Mexico, where for centuries they must have 
occupied great numbers of the natural caves which afford ideal 
refuges for them. Many of the larger caves contain hundreds of 
thousands during the whole or a part of each year. 

Some of the caves, such as the great Carlsbad Cavern, N. Mex., 
are mainly wintering places, where the bats hang in fall, and sleep 
until the warm days of spring call them out again to seek the most 
satisfactory feeding grounds, and to feast on their winged prey. 
Where the caves are in proximity to an abundance of insect life the 
bats remain throughout the summer, occupying the caves as roosting 
places during the day, and swarming out over the country in search 
of food at night. One such cave is about 19 miles north of San 
Antonio, Tex., on Cibolo Creek; and, although not very extensive, 
it annually yields a large quantity of guano. This and other caves 
west of San Antonio are occupied by great numbers of these bats, 
as are still others in western Texas and across southern New Mexico. 
Apparently this whole cave region is stocked with bats to its carry- 
ing capacity, besides providing wintering shelter for those of out- 
lying areas, where no caves occur. 


GENERAL HABITS OF THE SPECIES 


Like most other bats, the Mexican free-tailed bats are almost 
entirely nocturnal in habits and apparently continue active through- 
out the night. Emerging from their roosting places after sunset, 
they seek their feeding grounds for pursuit of the flying insects 
which are their food. They are strong, rapid flyers and will even 
breast a stiff breeze, but in feeding they keep mainly in the vicinity 
of trees, buildings, or cliffs, where the air is teeming with insect life. 
Their progress while feeding is in quick and erratic zigzags as the 
insects are rapidly snapped up and devoured without a moment’s 


pause. 
During summer evenings at San Antonio, Tex., soon after sun- 


down it is common to see great numbers of these bats flying over 


3Gile, P. L., and J. O. Carrero, “The Bat Guanos of Porto Rico and Their Fertilizing 
Value’’: Bul. No. 25, Porto Rico Agr. Exp. Sta., pp. 66, 1918. 
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the town, practically all headed in one direction. They fly several 
‘hundred feet above the cae on their way from their roost to 
favorite hunting grounds, often in the vicinity of water. 

Bats often come into open rooms while seeking their prey and 
fly about with great skill, avoiding all objects and feasting on such 
insects as also enter through the open doors or windows, “alighting 
for a moment on the walls or moldings to rest or devour a “noth, 
but always careful to keep out of reach of human occupants. All of 
our native bats are absolutely harmless. The fear which they 
sometimes inspire is wholly baseless and has its origin in fictitious 
stories told to children and passed on from generation to generation. 

At early dawn the bats return to their reoular sleeping places in 
caves, dark rooms, under tiles or other openings in roofs, in holes 
and crevices among rocks, or in hollow walls of buildings. They 
are usually suspended by their sharp, curved hind claws ‘and sleep 
until the next evening, where conditions for such a position are 
favorable. Im other places they may be found packed in deep 
crevices, frequently too narrow even to admit the hand. In the 
roofs of small caves in the rockhills near the suburbs of Mexico City 
there are many bats in crevices of this kind. They commonly take 
possession of deserted attics and similar places in old churches or 
other buildings and in deserted storerooms. 

Mexican free-tailed bats, like many others, have the habit of 
hanging up part of the night in convenient places near their roosts, 
as under the roofs of verandas or similar shelter, and the floor 
beneath is covered each morning with many scattered pellets of ex- 
crement. 

Exceedingly gregarious, these bats sleep in large numbers closely 
packed, sometimes hundreds, or even thousands, in a solid mass, 
clinging to one another in such density that it is ‘difficult to wnder- 
stand how those in the middle of the mass can avoid suffocation. 
At night, when they leave large caves or buildings where great 
numbers of them are living, they pour out through their chosen 
exits in such a swarm that in the dusk of ear ly evening it has almost 
the appearance of a cloud of smoke. 

Observations made in Mexico indicated it to be a common habit 
for certain bats to fly a number of miles from their roosts to their 
feeding grounds every evening, but there are no observations as to 
the distance the Mexican free-tailed bats may go for this purpose. 
Undoubtedly, however, they comb many square miles of territory 
about their great roosting places. 

To what extent these bats migrate to take advantage of favorite 
winter and summer climates, or to find favorable wintering caves, 
is not known, but like many other bats they undoubtedly move about 
to seek the best seasonal conditions. At times a few wander in sum- 
mer far from their regular range, as shown by records of scattered 
occurrences as far north as Colorado and Kansas. Extensive migra- 


tions, however, such as occur among some other more northern 
species of buts, are not known in this group. 
HIBERNATION 
In winter the Mexican free-tailed bats seek caves or buildings 


where the temperature is approximately constant and not too cold, 
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and with the first freezing nights outside they hang up for the lone 
winter’s sleep. So far as known a temperature of 50 to 55° F. in 
moderately dry air suits their needs for hibernation, but the limits 
of variation which they can endure have not been fully ascertained. 
Before entering hibernation they become very fat, storing up inside 
of their skins a rich supply of oily food material sufficient to support 
the greatly reduced vital processes during their torpor of winter. 

Before they are fully torpid their stomachs and alimentary canals 
become entirely empty, their temperature gradually falls to approxi- 
mately that of the surrounding air, and their circulation and respira- 
tion become greatly reduced. When fully in the embrace of the 
winter sleep their bodies are cold and motionless, and they are ap- 
parently dead: Thus they hang often four or five months until the 
warmer air of spring penetrates to their chambers and stirs their 
circulation to renewed activity. 

In the Tropics all species appear to be active throughout the year. 


FOOD HABITS 


So far as known the food of the free-tailed bats consists wholly 
of insects, almost entirely of night-flying species captured on the 
wing. Moths and beetles seem generally to form the great bulk of 
the food, but many other insects also are eaten, and in case of an 
unusual abundance of any nocturnal species, these might be expected 
to figure largely in the food. 

These bats are gluttonous feeders, and in some species 20 minutes 
after their appearance in the evening the stomachs have been found 
distended with food, the contents averaging one-quarter the weight 
of the animal. This would imply a capacity for at least half their 
weight in insects every night, and even a possibility of their actually 
eating their weight in them every 24 hours. Such estimates are 
merely suggestive and must not be used in any conclusive sense until 
more careful tests can be made of the food actually consumed by each 
species under varying conditions. 

Many other bats not colonial in habits probably have a similar 
capacity, and over parts of the country where they exist in sufficient 
numbers may well have an economic value comparable to that of in- 
sectivorous birds. 

If there were more caves attractive to bats and a greater food 
supply there would undoubtedly be more bats, whereas any consider- 
able diminution of either factor would tend to reduce their num- 
bers. If, however, the bats should become so numerous as to destroy 
most of the insect life, there would necessarily result a correspond- 
ing decrease in the bat population. The fact that bats of this species 
each produce only one young a year suggests a long-established and 
conservative balance between the food supply and the increase of 
the species. 

GUANO DEPOSITS 


Bat droppings composed entirely of insect remains and well 
moistened with bat urine accumulate under the roosting places, 
often in such large quantity as to be of value as fertilizer. When 
neither too wet nor too dry it is rich in nitrogen, phosphoric acid, 
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and other important ingredients and has a commerical value in 
some cases, as shown by chemical analysis, of $30 to $40 a ton.? 

The rate of accumulation of guano varies greatly in different 
places, being slight in the caves where the bats merely spend the 
winters, but much more rapid where they live in great numbers all 
the year, or through the period of summer activity. In the Cibolo 
Creek Cave, north of San Antonio, Tex., on March 5, 1924, about 
an inch of fresh deposit was found on the floor where the guano 
had been removed during the winter. The bats had been active only 
a short time, and insect life had but recently become common. 
From this not very extensive cave there are taken out each year 
about 60 or 70 tons of guano, said to bring $30 a ton. 

The Cibolo Creek Cave consists of a great tunnel sloping gently 
downward for 200 or 300 yards through the limestone formation 
toward the creek valley below, and widening out at the lower part 
in a great room some 75 feet high and 150 feet wide. Here the 
bats gather in vast numbers, possibly by millions, hanging to the 
high arched roof, and rain down their little pellets over the entire 
floor of the cave throughout their season of activity. 

The bat roost in this cave has not only been a source of income to 
the owner since 1896, but also perhaps has been of importance to the 
community in the destruction of enough insects within the nightly 
range of the bats to maintain this enormous host. Nevertheless 
mosquitoes are said to be troublesome at times in the vicinity of 
the cave, and no scarcity of any kind of insect has been noticed by the 
residents. 

in another cave on the Frio River, not far from Uvalde, Tex., 
about the same quantity of guano had been taken out for many 
years, until a fire in the guano drove out the bats and for the time 
ended the deposition. Other caves in the region west of San 
Antonio yield a somewhat smaller output of guano, and many in 
western Texas and southern New Mexico and Arizona have yielded 
it in commercial quantities. 

In the great Carlsbad Cavern of southeastern New Mexico the 
quantity of guano removed during the 20 years from 1901 to 1921 is 
estimated roughly at 100,000 tons. This was the accumulation of 
hundreds or perhaps thousands of years, but as vast numbers of bats 
congregate here in fall to use the cave largely as a wintering place 
and as many leave again in spring for lower country and a better 
food supply, the guano accumulation is relatively slow, apparently 
not more than 1 inch a year. Many years must elapse before the 
deposit can again become of commercial value. 


ARTIFICIAL ROOSTS FOR BATS 


Interesting experiments in building roosts for the purpose of 
colonizing guano-producing bats (Zadarida mexicana) have been 
carried on for many years by C. A. R. Campbell, of San Antonio, 
Tex. An excellent description of one of these buildings (fig. 3) 
at Lake Mitchell is given by Doctor Howard,’ from careful notes 


*Gile and Carrero, op. cit. 
*Toward, L. O., op. cit., pp. 1792-1793. 
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by F. C. Bishopp, in charge of the field station of the Bureau 
of Entomology, at Dallas, Tex., as follows: 


The Campbell bat roost consists of a sort of tower set on four posts about 10 
feet above the ground. According to Doctor Campbell, the size of the roost 
may be varied considerably. As I recall them, the dimensions of the roost at 
Mitchell Lake are about as follows: Twelve feet square at the bottom, the walls 
slanting inward toward the top, which is about 6 feet square. Height, about 20 
feet. On the outside, the building is covered with drop siding with tar paper 
beneath. The roof is shingled and projects over the edges. It is slightly ele- 
vated so as to permit of the entrance and exit of the bats. Additional entry 
‘space is allowed entirely down one side of the building. This opening, which 
is about 24% feet wide, is provided with boards slanting upward so as to 
exclude light to some extent but allows 
the bats to enter between them. The 
central portion of the house from the 
side provided with the entrance to the 
opposite side is unobstructed from top 
to bottom, thus leaving an- air space 
about 21%4 feet wide. On each side of 
the shaft, and running to the two other 
sides of the building, is a series of 
shelves made of matched flooring. 
These shelves slant upward and out- 
ward at an angle of about 30°. In the 
first house constructed these shelves 
were about 5 inches apart, but I believe 
in the later model they are closer to- 
gether. Wire netting is tacked on top 
of each of the shelves so as to provide 
places for the bats to hang. The slant 
is given so as to allow the guano to 
roll down and drop into the center of 
the bottom structure, which is provided 
with trapdoors opening downward. 
This is to permit of the emptying of the 
manure into a wagon which is placed 
under the roost. 


Fic. 3.—Bat roost at Mitchell Lake, Tex., This roost when visited by Ver- 
ital etigail ou anil? #85), non Bailey, of the Biological Sur. 
eee Rae ee ee Me Newell) jac OTN) Ug aayygl . : 
oun wy Chats 1, Cane nate ne and lee les H. Gable, of 

the Bureau of Entomology, on 

March 4, 1924, was occupied by a large number of bats, all of the 

species Tadarida mexicana. During the evening it was estimated 

that about 10,000 bats flew from the roost in the half hour between 

6.45 and 7.15 o’clock. They left so rapidly from both sides of the 

tower that they could not be counted after the first five minutes. It 

seemed probable that fully 10,000 were using the roost at that time. 

Mr. Gable says that they were much more numerous in midsummer, 

but none were seen there in winter, as, according to Doctor Campbell, 

most of the bats disappear then and return early in spring, the first 
sometimes appearing about the middle of February. 

About two tons of guano are taken from this roost every winter, 
part of which is packed in 10-pound sacks and sold at $1 a sack to 
local florists and individuals for use on house plants, and part of 
it in larger lots to local gardeners at lower prices. This roost ap- 
parently pays good dividends on the original cost and is considered 
a valuable investment. It is the only one of five, however, con- 
structed in and about San Antonio that has ever been extensively 
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occupied by bats, and others built in Florida and Georgia had failed 
to attract bats up to March, 1924. So far as can be learned, the bat 
roost at Mitchell Lake, near San Antonio, is the only one of the 
eight built that has been occupied by bats, but this does not mean 
that others in favorable situations may not attract them. 

There would be many advantages in being able to colonize bats 
successfully in certain localities either in artificial roosts or artifi- 
cial caves and tunnels, but so far none of the experiments can be 
considered entirely successful. Doctor Campbell’s experiment is 
interesting as far as it reaches, but 
so far it has succeeded in only one 
ease and with only one species 
of bat. 

The choice of roosting places by 
bats is evidently dependent upon 
factors not always readily under- 
stood. In many cave regions where 
bats are abundant, only certain of 
the numerous caves available and 
apparently suitable are actually oc- 
eupied. Although bats may in 
some instances be attracted to arti- 
ficially prepared roosts, prospective 
builders should be informed, before 
deciding to risk what may be a 
needless expenditure of funds, that 
there is no assurance that such 
structures will be used (fig. 4). 


BUILDINGS OCCUPIED 


i 


The walls or attics of many old _ i 
buildings in San Antonio, Austin, ‘"Gnys san Cetoui, Mec vie balaoe: 
Del Rio, and other communities in SE OTe RAL EERSTE Be cost 
western Texas are occupied by _ never’oceupied. In only one of eight 
these bats. In 1923 two wagon- ‘Texas, have bats taken up their abode 
loads of bat guano were taken out 
of the attic of the courthouse at Austin, and the openings carefully 
closed to prevent the return of the bats. The strong odor of the bats 
and guano rendered the building unendurable for human beings, as 
it has in the case of many private dwellings where the bats have 
taken up their abode in hollow walls or attics. To prevent thei; 
return, however, it is only necessary to close all openings in the 
buildings at night when the bats are out. 

In the vicinity of Patzcuaro, Michoacan, at an altitude of 7,500 
feet, the writer found 7adarida mexicana the most common species 
of bat, although the summer climate here was much cooler than in 
the localities most frequented by them. Here they were sometimes 
found in caves, but were more numerous among the tiles and other 
crevices in the roofs of the houses, and in openings in larger build- 
ings as well. In an old building in the middle of Patzcuaro, where 
these bats were clinging in great numbers to the ceilings of two 
rooms, the owner made a regular business of gathering the guano 
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and selling it at the rate of 3 cents a pound, Mexican money. At 
the time of the writer’s visit in July thousands of bats were hanging 
from the roof and several inches of excrement covered the floor, 
giving off an excessively strong odor of ammonia. The owner 
stated that the bats migrate when the weather becomes cold in fall 
and return in spring. Soon after they return they have their young. 

At another place in the same town a man built a small detached 
room in the yard back of his house for the purpose of smoking bacon 
and other meat, but before he began to use it bats of this species 
took possession in such numbers and produced so much guano that 
he abandoned his original purpose and was making a good return 
on his investment through the sale of guano. The writer heard also 
of bat guano being taken from a cave on the southern slope of Mount 
Popocatepetl. 


THE FLORIDA FREE-TAILED BAT 


The following extract from a letter from Hiram Byrd, State. 
Health Officer of Florida, to L. O. Howard, Chief of the Bureau of 
Entomology, under date of June 26, 1912, relative to bats taking up 
their abode in an uncompleted opera house begun in 1895, at Tavares, 
Fla., undoubtedly refers to the Florida free-tailed bat, Tadarida 
cynocephala, and if so shows that this species has the same colonial 
habits as the one found in Texas: 

The doors and windows of the lower floor of this opera house were securely 
fastened up to keep intruders out, but the upper windows were only closed by 
loose boards, which svon dropped out, making it easily accessible to bats. 
They took advantage of it, and in the course of a few years were there in 
countless thousands. I know of no way of estimating the number. ... The 
only time I was ever there at the right hour was on a trip to Hustis. The 
train stopped at Tavares one-half hour before sunset and remained there 
something like 45 minutes. I took advantage of the occasion to see the bats 
emerge from the building. I had only been watching a few minutes when 
they began, first a single one, then two or three together, and as if the rustle 
started them, then they began seriously flying out of the window with in- 
eredible swiftness. There must have been at least half a hundred a second. 
I watched this stream of bats pouring out for half an hour or so, and was 
told by some of the residents of Tavares that it would continue until something 
like half an hour after dark, making probably two hours altogether. 

About two years after the opera house had been cleaned out and 
converted into a packing house, Doctor Byrd made inquiries of 
citizens in the vicinity of Tavares and Eustis, Fla., as to whether 
they had experienced any appreciable difference in the number of 
mosquitoes since the time the bat roost in the building was at its 
height, and as a result of these inquiries stated that he was convinced 
that if there was any difference it was not noticeable. 


MALARIAL CONTROL BY BATS 


During many years of study of the mammals of Mexico, the 
writer lived a large part of the time in places where Mexican free- 
tailed bats were extremely abundant. Their presence in no case 
appeared to have the slightest influence on the prevalence of ma- 
laria. In many Mexican villages and ranches, where nearly every 
inhabitant was infected with malaria and where malarial mosquitoes 
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were swarming about the houses, these bats were living in the roofs 
in great numbers, apparently without having the slightest influence 
on the numbers of the mosquitoes.. At one large cave, water in the 
entrance afforded a breeding place for mosquitoes, which were pres- 
ent in such numbers as to cause great annoyance in efforts to collect 
some of the bats for scientific specimens. 

The assertions of Doctor Campbell that bats feed very extensively 
on mosquitoes, practically eliminating them in the vicinity of bat 
roosts and thus effectively preventing malaria, have been followed 
with interest by entomologists of the Department of Agriculture, 
and all evidence carefully weighed by Doctor Howard ® in his paper 
on the subject. He has written the following two paragraphs for 
insertion in this bulletin: 

“After a prolonged effort I have been unable to substantiate the 
claims made by Doctor Campbell as to the value of bat roosts in 
the great reduction of the mosquito population of a given locality, 
even in Texas. Bats obviously prefer other and larger insects. 
They undoubtedly swallow mosquitoes when they encounter them in 
flight, but only incidentally. Observations by trained men on the 
ground in Texas deny his claims both as to marked relief from 
mosquitoes or relief from malaria. One of the experts of the Bureau 
of Entomology stationed at San Antonio informs me (May, 1925) 
that of the four bat roosts at San Antonio only one is inhabited: by 
bats, and that in endeavoring to watch the flight of the bats from 
this roost in the evening he was so annoyed by mosquitoes that he 
was obliged to abandon his observations. He further tells me that a 
Mexican, resident 300 yards from the roost, states that the mos- 
quitoes are very bad at his house. 

“As to other parts of the world, I am told by no less authority 
than Professor Grassi that in Italy the most malarious regions are 
precisely those where bats are most abundant.” 


SUMMARY 


Nearly all the bats of North America north of the Tropics con- 
sume vast quantities of insects, but apparently do not exterminate 
any. In evaluating their services as insect destroyers it is to be 
borne in mind that they feed almost entirely on night-flying species. 

The Mexican free-tailed bat, ranging in the United States in 
southern Texas, New Mexico, Arizona, and California, is extremely 
colonial in habits, occupying numerous caves and some buildings, and 
producing in places sufficient quantities of guano to be used com- 
mercially as fertilizer. . ; 

The possibility of colonizing these bats by building suitable roosts 
has been demonstrated in the United States, but in only one instance. 
Many difficulties are likely to be encountered in establishing colonies. 
Elaborate and expensive structures built outside the range of a 
colonial species or in places where the bats of the locality find other 
quarters preferable may not be occupied. Unless the bats can be 
attracted in large numbers, there is little hope of establishing a 


5 Op. cit. 
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worth-while colony, because of the slow rate of reproduction, there 
being only one at a birth. 

In the single colony of bats successfully established there seems 
to be a profitable yield of guano. Other attempts have failed, and 
anyone contemplating the construction of bat roosts for commercial 
gain should be advised that the returns may be disappointing and 
wholly out of proportion to funds expended. 

Mosquitoes have been found abundant in and about bat caves, 
and in the single case known where colonial bats have been artifi- 
cially established there has been no appreciable diminution in the 
insect life or in the local abundance of mosquitoes. The assertions 
that bats will eradicate or even noticeably reduce the numbers of 
mosquitoes, and with them malaria, are shown by studies of their 
food and general life habits to be misleading and without foundation. 
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HISTORICAL 


In 1842 the superintendent of the Government cotton plantations 
at Broach, India, sent specimens of a very destructive cotton insect 
to the distinguished English entomologist, W. W. Saunders. The 
specimens were described as a new species, Depressaria (now Pec- 
tinophora) gossypiella, by Saunders in a paper presented to the 
Entomological Society of London on June 6, 1842 (18).* This is the 
first published record concerning the insect ‘which is now attracting 
so much attention in the principal cotton-producing countries of 
the world. 

For 61 years after the publication of Saunders’ description no 
published statement regarding the pink bollworm was issued. In 
1904, however, an article was issued by J. Vosseler (20) regarding 
the great injury caused by the insect in German East Africa. With- 


1 Pectinophora gossypiella Saunders; order Lepidoptera, family Gelechiidae. 

2This bulletin supersedes Department Bulletin 723, issued under the same title in 
1918. 

* Died October 12, 1925, The manuscript of this bulletin had its final revision by the 
author June 22, 1925 : J 

4 Numbers (italic) in parentheses refer to “* Literature cited,” p, 29. 
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in the next few years several additional articles dealing with the 
problem caused by the pest in German East Africa appeared. In 
1909 D. T. Fullaway (8) published an account of the pink bollworm 
and its relation to cotton culture in the Hawaiian Islands, stating 
that it appeared to have been introduced from India within “com- 
paratively recent ” years. 

Only a few more or less technical papers were published from 
1909 to 1918. Since the latter date a considerable literature has been 
built up, consisting largely of papers emanating from Egypt, where 
the pest has attracted increasing attention. 


ORIGINAL HOME 


The original home of the pink bollworm is probably India and 
possibly southern Asia generally, and its original host plants were 
the wild and cultivated cottons of that region. This conclusion, 
published by the writer (/3) in an earlier bulletin on this subject, 
was also announced by Marlatt (75) at about the same time, after a 
more exhaustive discussion of the evidence available. If this nat- 
ural range of the insect extended to Africa it must have been 
limited to central Africa and at least it did not extend to the Nile 
Valley region, where cotton has been an important cultivated crop 
for a century or more. The occurrence of the insect in Egypt is 
apparently traced definitely to large shipments of seed cotton or im- 
perfectly ginned cotton from India in 1906-7, and the spread of 
the insect from the points in the lower Delta, near Alexandria, where 
this cotton was sent for reginning, throughout the Delta, and ulti- 
mately throughout Egypt, is so well confirmed by circumstantial 
evidence as to leave no doubt as to the entry of the insect at that time 
into Egypt. With the first occurrence of the insect in Egypt it was 
confused more or less with other insects commonly found in cotton 
bolls in that country, and this confusion led to a statement by Dud- 
geon (6) that this insect had probably been in Egypt for many years. 
The careful investigation of the situation and determination of 
original points of infestation and spread by expert entomologists 
in the employ of the British and Egyptian Governments have fully 
disproved this early surmise and pointed out the real manner of in- 
troduction of the insect into Egypt. 

As already noted, the pink bollworm has been recorded as a cotton 
pest in India since 1842, and the original report made by the super- 
intendent of the Government cotton plantation at Broach, India, 
is of sufficient importance to be given in full, as follows: 

The inclosed is an insect which was very destructive to the American cot- 
ton which was sown here (Broach) on light alluvial soil. The egg is deposited 
in the germen at the time of flowering, and the larva feeds upon the cotton seed 
until the pod is about to burst, a little previous to which time it has opened 
a round hole in the side of the pod for air, and at which to make an exit at 
its own. convenience, dropping on the ground, which it penetrates about an 
inch, and winds a thin web in which it remains during the aurelia state. Curi- 
ous enough, the cotton on the black soil was not touched by it. The native 
cotton is sometimes affected by it. 

The significant thing in the paragraph is the statement that the 
insect was very destructive to the American cotton and that “ native 
cotton is sometimes affected by it.” The fact that the American cot- 
ton was much more affected than the native varieties is in accord 


THE PINK BOLLWORM 3 


with the general experience with imported plants in relation to 
native plant pests, and with introduced pests in respect to native 
plants. The American variety was apparently unresistant in com- 
parison with the native cottons of India, which, with little doubt, 
had been long associated with this pest and had developed a certain 
degree of resistance. 

The later records of this insect show that it was reported from 
India on several occasions prior to 1900, or about that period, and 
those records confirmed also its occurrence eastward through Burma, 
Siam, and the Philippines, long previous to what was undoubtedly 
its original entry into Egypt in 1906-7. 

The insect was first observed in Egypt in 1911, and the first 
severely infested field, one near Alexandria, was noted in 1912. The 
increase of the damage from this insect in Egypt has been steady 
since 1912, in spite of very laborious and expensive control operations 
enforced by the Egyptian Government. 

The present distribution of the pink bollworm is therefore reason- 
ably ‘traceable to its spread from southern Asia in comparatively 
recent years. The possible exception may be found in German East 
Africa, and even there the natural explanation of its occurrence is 
its recent introduction with cotton imported from India. It is, 
however, possible that the natural range of the insect may have 
included central Africa and that the African infestation may there- 
fore have come from native stock. 


PRESENT RANGE 


With the exception of certain infestations in Texas and New 
Mexico, the known range of the pink bollworm is as follows: 

East Africa, west Africa, Egypt, Angola, Italian Somaliland, 
Nigeria, Sierra Leone, Sudan, Zanzibar, India (very generally), 
Bengal, Ceylon, Burma, Siam, Straits Settlements, China, Korea, 
Philippines (Luzon), Hawaii, Brazil, West Indies (St. Croix, St. 
Kitts, Anguilla, Monserrat, Porto Rico, Santo Domingo, Haiti, 
St. Vincent), Mexico, and Australia. There is also a record from 
Japan, although it may be erroneous. At any rate, according to a 
statement published by Fullaway (8), it is not confirmed by Pro- 
fessor Kuwana, Government entomologist. Another doubtful record 
is from Mesopotamia.° 

The introduction of the pink bollworm into Brazil and Mexico is 
recent, and available records show very clearly how it was accom- 
plished. The information from Brazil comes through Edward C. 
Green, formerly superintendent of the cotton department of the 
Brazilian Ministry of Agriculture, who has published a very full 
statement on the subject (77). In 1913 Green made a trip of 
inspection through the greater portion of the cotton-producing area 
in Brazil. Special attention was paid to the seed, not only in the 
fields but in the ginneries, and no infestation was found. In 1916, 
however, another trip showed that the pink bollworm was present 
over wide areas in the States of Parahyba, Rio Grande del Norte, 
and Ceara. It seems that in the years 1911, 1912, and 1913, the 


'¥or a complete statement concerning the distribution of the pink bollworm, with cl- 
tations, see the Second Annual Report of the Egyptian Cotton Research Board, 1921, pp. 
136-137. 
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Government of Brazil imported 9 tons of Egyptian cottonseed. This 
seed was not fumigated, as it was not suspected that any injurious 
insect was likely to be carried by it. A test for germination showed 
89 per cent viable. It is altogether probable that a large percentage 
of the unviable seeds were those attacked by the pink bollworm. 
All of this seed was sent to agricultural inspectors in various States 
and by them was distributed further throughout the cotton-growing 
districts. ‘There can be no doubt that the general establishment of 
the pink bollworm in Brazil was due to the importation of the 
Egyptian seed, and that incalculable losses to the country could have 
been avoided if proper quarantine precautions had been taken. 

In 1911 two importations of Egyptian seed were brought into 
Mexico; one, of 25 sacks, was planted near Monterey, and the other, 
of 6 tons, in the vicinity of San Pedro, in the Laguna district. From 
what is known of the prevalence of the pink bollworm in Egypt in 
1911 it is probable that both shipments of seed were infested and 
that both of them contributed to the present infestation in Mexico. 
It is true that cotton culture has not been continued in the vicinity 
of Monterey, but the crop of Egyptian cotton produced there in 1911 
attracted considerable attention and much of the seed was shipped to 
the Laguna district. 

In 1917, specimens of the pink bollworm, collected by H. H. 
Jobson, were received from China. Following is a quotation from 
Jobson’s notes: 

The collection which I have was secured from the seed room of one of the 
ginneries in Shanghai and from the fields at Tungchow, about 12 hours’ ride 
by boat up the river from Shanghai. The infestation is more or less gen- 
eral throughout China; however, there may be some small areas where it is 
not present. A majority of the cotton grown within a radius of 100 miles 
of Shanghai is shipped into that port before being ginned, and from evidences 
found at the ginning establishments there is no doubt but what all those 
regions are infested. In fact, the larve are so numerous that by going into 
the seed room of the gins a person may secure any number of them within 
a very short time, as they may be seen crawling around over the seed and 
on the walls. 

The infestation in Austraha was first reported in 1923, from 
Queensland, and appears to have resulted from the carriage of cot- 
tonseed by soldiers returning from Europe to Australia, who stopped 
at Alexandria, Egypt. 

The infestation in the West Indies was apparently caused by a 
small shipment of cottonseed imported from Hawaii in 1911 to be 
used on the island of St. Croix for experimental purposes. 


PRESENT DISTRIBUTION IN MEXICO 


As far as is shown by absolutely definite evidence, the pink boll- 
worm in Mexico is confined to localities in the northern part of 
that country, one of them being the Laguna district, a valley isolated 
by mountain ranges about 200 miles from the Texas border. The 
Laguna, in which the greater part of the Mexican cotton crop is 
produced, consists of about 1,200 square miles of tillable~ land. 
Other localities known to be infested in Mexico (fig. 11, p. 26) are 
Allende (about 40 miles south of Eagle Pass), the Trevino Ranch 
(immediately opposite Del Rio), Santa Rosalia (in Chihuahua), 
Monclova, the Juarez Valley, and the area in Chihuahua opposite 
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Presidio and Brewster Counties, Tex. In all these cases the in- 
festations were caused by seed from the Laguna. The insect has 
frequently been found alive in freight cars coming from the interior 
of Mexico to Texas border ports. 


DESCRIPTION AND LIFE HISTORY 


The pink bollworm has four stages; namely, egg, larva, pupa, and 
adult, or moth. The moth (fig. 1) resembles somewhat the common 
clothes moth of this 
country. From tip nes =a 5 
to tip of the ex- £ es y 
tended wings it 
measures from 
three-fifths to four- 
fifths of an inch. 
eis ot a dark- 


brown color, the ZA 

forewings ending fee MN = 

in a rather sharp Wy iN » 
point. The hind- Mf i " Me 

wings are somewhat Wii *< 


broader than the Fig. 1—The pink bollworm (Pec- 
Borewines and’ end — {inephora, gosturieta); awit. | 
in an even sharper i 
point. The eggs are very small objects, somewhat 3 
oval, about one-twenty-fifth of'an inch long and 
one-fiftieth of an inch broad. The surface is white fy 
and finely wrinkled. The larva (fig. 2) when first Y 
hatched is glassy white with light-brown anterior 
markings. It grows rapidly, and when mature 
measures nearly a half inch in length. It is cylindrical, white, with 
the dorsal side of a strong pink color. 

The pupa (fig. 3) is about two-fifths of an inch in length, reddish 
brown, the posterior end pointed and ending in a hooklike process. - 
Several insects are found in bolls of cotton in the United States 
which may be mistaken for the pink bollworm. One of these is the 
so-called pink cornworm or scavenger bollworm (Pyroderces rileyi 
Walsingham), 
which frequently is 
found in decaying 
bolls, especially 
those which have 

; been injured by 

Pic, 2 The pink bollmorm: Outing saying ef errs, disease. It has 
not been known to 

attack healthy bolls. It does not normally make its way into the 


seed, and this fact will help in distinguishing it from the pink 
bollworm. Another insect which may be mistaken for the pink 
bollworm is the common bollworm of cotton (/Teliothis obsoleta 


Fab.). This is the same insect that feeds on corn and is known in 
some parts of the country as the corn earworm. It bores holes 
through the carpels of the boll, feeds for a short time, and then pro- 
ceeds to another boll. In the early stages it sometimes assumes 
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a somewhat pinkish color. It may be distinguished from the pink 
bollworm by its habits, especially by the fact that it does not feed 
altogether in the interior of the bolls and that it is not found 
within the seeds. When full grown it is much larger than the 
pink bollworm, measuring about 2 inches in length. 

There is also an insect which feeds in plants known as “nigger 
heads” (Rudbeckia spp.), and another feeding in cat-tails (Typha 
spp.), both of which are sometimes mistaken for the pink bollworm 
(12, pp. 13, 831). The latter is especially confusing, as it is often 
found in cotton bolls late in the season. 

The insect most likely to be mistaken for the pink bollworm is the 
boll weevil. Although the boll weevil is sometimes found in seeds, 
it generally is found feeding within the interior of the boll. It 

x discolors the fiber considerably, and this causes the 
interior of the boll to assume a more or less decayed 
appearance, quite unlike the appearance of bolls in- | 
fested by the pink bollworm, in which decay gen- 
erally does not occur. This so-called cleanliness of 
the work of the pink bollworm is one of the most 
useful characteristics in differentiation. 

The accompanying illustrations will assist the 
reader in deciding whether the work in question is 
that of the pink bollworm or some other insect 
found in cotton bolls. 

Figure 4 shows on the left the appearance of 
the interior of an injured boll, and on the right 
the characteristic small circular opening made by 
the larva in leaving the boll or for the purpose of 
allowing the adult to emerge. 

Figure 5 shows on the left the characteristic 
opening made by the ordinary bollworm (Chloridea 
obsoleta). It is of large size and surrounded by 
a raised margin. The exit holes of the pink boll- 
worm, shown on the right, are much smaller, more 

‘ _. regular, and without raised margins. 

Bie eer ee pink Figure 6 shows the appearance of locks of cotton 
See ee poaeine the typical injury caused by the pink boll- 

Figure 7 shows individual seeds infested by the pink bollworm. 
In the lower line are the “ double seeds.” These are frequently found 
as the result of the webbing together of two seeds by larve of the 
later stages in order to obtain more room for pupation. 

Figures 8 and 9 illustrate the pink bollworm in a burr and the 
typical opening-made by this insect when it makes its way from one 
lock to another. 

Although these descriptions may help in enabling anyone to deter- 
mine whether the pink bollworm ts present in a cotton field, tt will 
always be best to send any specimens to an entomologist for authori- 
tative determination. It is extremely important that any possible 
infestation by this insect be brought to attention at the earliest pos- 
sible date, that prompt eradicative measures may be taken. 

Under the authority of the Federal Horticultural Board, August 
Busck spent a number of months in the Hawaiian Islands in 1915 
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Fic. 4.—Exit holes of pink bollworm in cotton bolls 


Fic. 5.—Two bolls showing distinction between exit holes of the ordinary bollworm 


vw. ’ 
or corn earworm (Chloridea obsolcta) and those of the pink bollworm (Pectinophora 


ossypiclia). The large hole in the boll to the left was made by the ordinary boll- 
lal hel small ones in the boll to the right are typical of the pink bollworm 


8 BULLETIN 1397, U. S. DEPARTMENT OF AGRICULTURE 


studying the life history and habits of the pink bollworm. The 
following statements regarding the life history and habits of the 


Fic. 6.—Cotton locks showing typical injury by the pink bollworm (Pectinophora 
gossypiella) 


pest are based upon Busck’s paper (3), and subsequent observations 
by a number of entomologists in Mexico. 

The eggs of the pink bollworm are laid singly or in groups on 
all parts of the plant above ground, about 50 per cent of them being 
laid on the green bolls. In Mexico the favored position is at the 


Fic. 7.—Cotton seed containing pink bollworms. opened to show the cells. Both the 
Single and double seeded cells are shown, the double seeded ones being broken apart 


base of the boll, between the boll wall and calyx. Often more than 
50 eggs and shells have been found on a single boll. It is estimated 
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_ that a female will deposit in the neighborhood of 100 eggs. These 
hatch in from 4 to 12 days. 

The larva, on hatching, proceeds to bore its way into either a 
square or a boll. Squares are preferred early in the season, before 
the green bolls have become three-fourths grown. The square, 
even though it contains a larva, usually develops into a bloom. If 
the larva has attained nearly full development before the bloom 
opens it webs the ends of the petals together, and on opening they 
do not flare out normally; the bloom presents a rosetted appearance 
and is easily distinguished as infested. The infested bolls some- 
times become recognizable by a 
reddish or blackened discoloration 
which follows attack. Close ex- 
amination will also reveal the small 
entrance holes of the larve. But 
the only conclusive evidence of in- 
festation is the larva within the boll, 
as disclosed by dissection. 

The food of the larva is the seed 
within the boll. It devours one 
seed and generally proceeds to the 
next one above. Ordinarily a single 
larva does not make its way out- 
side of the lock which it first in- 
vades, but occasionally the adjoining 
lock may be entered. It is to be 
noted that the larva restricts itself 
to the interior of the boll and never 
makes its way to the outside for the 
purpose of reaching another boll. 

During the summer the full-grown pyg. g—pink bollworm on carpel’ of 
davya-either cuts a hole inthe outer” -¢otton boll, which shows also typical 
boll wall for the emergence of ing from one lock to the next 
the moth and pupates immediately 
under it, or drops to the soil and pupates within the surface 
layer of soil or under trash on the surface. In the fall the majority 
of the larve remain in the bolls for hibernation. Often the larva 
protects itself by webbing two seeds together, the attachment being 
made to the openings brought into contact by the insect. These 
“ double seeds” are characteristic of the work of the insect. Since 
usually they are not destroyed in the process of ginning, they fur- 
nish the best means of determining quickly whether any lot of seeds 
is infested. 

During the summer the larval stage occupies from 20 to 30 days. 
Late in the season this stage may be more or less indefinitely pro- 
longed, and pupation correspondingly delayed (9, p. 9). It is this 
feature in the life history of the pest which hag facilitated its car- 
riage to many remote quarters of the earth. As this longevity is 
one of the most important points in the life history of the insect a 
summary of the existing records concerning it is given in Table 1. 
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TABLE 1.—Longevity of resting larve of the pink bollworm 


Country Authority Conditions under which kept Longevity 
Months 
ey pte Gough: S22 2228 Sashes ee Stored< seeds 22 4 hens 27 
CR a | ee Co Co el UA a aS (Va Dee a a 16 
Doll. Se Ballou 226% eee ae SES IS ee GOL Si nee 2 eh eee 24 
DOs sees eal ana C6 (0 Sea See 2 ea GOs Ree 2 en lo eee 30 
DOR eel eee (0 Ko eee Lg Es Stewie: | i alls Sioa (a ne eee eee mie b> Oy LORS Co 31 
Dorset Willcocks’ $2. 230 Se eee Natural conditions__________-______ 22 
Hawaii_________ IBUSCKAG2 2 cco oe Ee See Fee Stored seed___.____-_----------_-_- 18 
Mexico________- Loftin, McKinney, and Hanson 7_____|_____ (6 owe Meee Sais Pepe Pe ee ss 12 
i D Ye eee rape ava oea Ohlendort’2 3 {23322 eae StOLeGm bolls 0s laa ae eee Qver 16 
1D) QS ee Unpublished 9____-_------_-__-__-_____- Stored: bolls... 322 2 eee 1634 
1(9, p. 9.) 6 (3, p. 356.) 
2 (1, p. 11.( 7 (14, p. 16.) 
3 (1, p. 16.) 8 (17, p. 10.) 
4 (2, p. 264.) : ®’ Unpublished manuscripts, U. S. Department of Agriculture. 
5 (21, p. 154.) 10 Resting larve in stored seed lived 15 months. 


After a variable time, as has been indicated, the larva transforms 
into a pupa or chrysalis. The pupal stage lasts from 6 to 20 days, at 
the end of which the moth emerges. The life of the moth is rather 


Fic. 9—Typical holes made by pink bollworms through cotton-boll carpels 


short. Under favorable conditions Busck succeeded in keeping 
some specimens alive for 32 days, but under the same conditions the 
great majority of the insects died in from 14 to 20 days. 

The moth is seldom seen in nature. It habitually hides during the 
day under stones or brush. The normal time of flight is from 
6.30 to 8 p. m. Although apparently capable of prolonged flight, 
the moths prefer to go no farther than the first cotton field. They 
are so quiet in their habits and so easily overlooked that many may 
occur unnoticed in the field. 
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_ The question of the extent to which the pink bollworm moth is 
attracted to lights is one which has been discussed extensively in the 
literature. In Hawaii, Busck (3) found that there is no attraction 
to lights under the conditions prevailing where he worked. Loftin, 
McKinney, and Hanson (/4) made extensive tests in the Laguna 
region of Mexico, but failed to find any definite indications of such 
attraction. Fletcher (7), working in India, and Matsumoto (/6), 
working in Korea, also failed to find much attraction to ights. How- 
ever, several Kgyptian investigators, including Gough and Willcocks, 
have found moths coming to lights under certain conditions (1, p. 
238.) Gough captured a large number of specimens in light traps 
in the warehouse in which cottonseed was stored, and Willcocks with 
18 traps captured about 19,000 moths in three months, but did not 
consider that this was enough to warrant the use of light traps as a 
contro] measure. 

It is very probable that the differences in the observations are due 
to the varying conditions under which they were made. It is well 
known that insects are much more strongly attracted to hights under 
certain climatic conditions than under others. 

The explanation of the Egyptian observations may perhaps be 
found in the climate of the locality in which they were made. It is 
also possible that the quality of the lights used by the various ex- 
perimenters may help to explain the discrepancies. At any rate, it 
seems to be clearly indicated that under no known conditions is 
there attraction sufficient to be of any importance in control work. 

Considerable attention has been paid in various countries to the 
food plants of the pink bollworm. In Egypt the insect has been 
feund breeding in okra, hemp, and hollyhock. There are similar 
records from India. In the Hawaiian Islands it has been found in 
various species of cotton and in /7ibiscus youngianus. From Brazil 
there are records of its occurrence in Cochlospermum insigne and 
Bombax monguba (4). 

The most extensive studies of the alternative plants of the pink 
bollworm have been conducted in Mexico (74). Okra and hollyhock 
were frequently found infested, as was a native desert plant, 
Hibiscus cardiophyllus Gray. A large series of malvaceous plants 
from the United States were planted for the purpose of observation. 
The following eventually became infested in greater or lesser degree: 
TTibiscus coccineus Walt., HT. militaris Cav., Kosteletzkya virginica 
L., Hibiscus syriacus, and Malvastrum americanum (1). 

Several experiments were performed to determine whether the 
pink bollworm could live over from year to year when supplied with 
any of these alternative food plants. Special attention was paid to 
okra. In no case did the insect live under such conditions. This 
result appears to have been due primarily to the fact that the seed 
pods of okra and related plants crack open on drying, so that the 
larvee webbed up in them drop to the ground and become subject to 
the influence of moisture and the attacks of enemies. It is more 
than likely, however, that under some conditions the insect may be 
able to perpetuate itself on these plants. 

In Texas and Louisiana, where noncotton zones have been main- 
tained for the purpose of stamping out the pink bollworm, the 
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alternative plants have been disregarded, for the reason that most 
extensive searches have failed to disclose any of the insects in any 
of the malvaceous plants growing in such zones. Certainly the 
apparent success of the noncotton zones (and clean-up measures) 
in eliminating the infestation minimizes the importance of the 
existence of the pink bollworm on plants other than cotton under 
such conditions as have prevailed in the United States. It must be 
remembered that there has never been any heavy infestation of 
cotton by the pink bollworm. The number of moths produced has 
in every case been exceedingly small. With a very heavy infestation 
the results might have been very different, since out of a larger 
population of moths there might be a sufficient number of aberrant 
individuals to continue the species on other plants. 


NATURAL ENEMIES 


The pink bollworm has a number of insect enemies wherever it 
occurs. In the Hawaiian Islands Busck (3) found at least five 
species attacking it. Other species have been recorded from Egypt, 
Brazil, and India. In Mexico, early in July, 1921, as high as 33 per 
cent of the pink bollworm larve in blooms were killed by parasites. 
Two species of Hymenoptera, Aficrobracon mellitor Say and Habro- 
bracon gelechiae Ashm., were responsible for this unusual destruc- 
tion. i 

By far the most important enemy of the pink bollworm is a small 
mite known as Pediculoides ventricosus Newport. Its attack is con- 
fined almost entirely to pink bollworm larve in stored seed. It is 
a common enemy of insects and occurs throughout the world. It 
has apparently increased to a very considerable extent in Egypt, 
but does not seem likely to be sufficiently abundant at any time to 
serve aS an important agent in controlling the pink bollworm. 
Neither do the available records indicate that any insect or mite 
enemies of the pest are likely to be of any practical importance in 
controlling it. 

It is interesting to note that the mite to which reference has been 
made also attacks human beings. In 1914 large quantities of Egyp- 
tion cottonseed were shipped to London. The laborers employed in 
handling this seed became affected with a rash of the skin caused by 
the punctures of the mite. The irritation was severe and resulted in 
a strike for higher wages. The writer has learned from E. C. Green 
that in Brazil, since the establishment of the pink bollworm there, 
children who play about seed houses soon become affected by a 
dermatitis which probably is the same as that which has been found 
to follow the attack of the mite in other parts of the world. 


NATURE AND EXTENT OF DAMAGE 


The pink bollworm affects cotton production in several ways. In 
the first place it destroys a certain number of bolls or portions of 
bolls, causing the lint from them to be short and kinky. (Fig. 10.) 
The injury, however, is not limited to the yield and quality of lint. 
The crop of seed is correspondingly reduced, and what seed is 
obtained is of light weight and poor grade. In the crushing of 
Egyptian seed in England it was found that the oil content was 
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lower than normal by about 20 per cent, and that the oil actually 
obtained was dark in color and of comparatively low value. The 
work of the insect is also of importance in connection with seed for 
planting. The percentage of germination is naturally low and 
much larger quantities must be planted to obtain a stand. 

From what has been said it is evident that the pink bollworm 
must be of interest to all classes of persons concerned in the cotton 
trade as well as to those engaged more especially in the cultivation 
of the crop and the utilization of the seed. 

Accurate information concerning the damage by the pink boll- 
worm in Egypt is contained in a paper by L. H. Gough (10). 
This investigator conducted studies in lower and middle Keypt to 
determine the relative number of bolls attacked by the pink boll- 
worm. Samples, each of 100 green bolls taken at random in fields 
in various localities, were sent to Cairo, where they were given 


ic. 10.—At left, normal cotton boll; at right, boll injured by the pink bollworm 


very careful examination. The total number of bolls examined was 
more than 106,400, and the examinations were continued from July 
to November, 1916. The following are among the results of this 
investigation : 

Percentage infested during July, less than 10. 

Percentage infested during August, from 5 to 25. 

Percentage infested during September, from 25 to 75. 

Percentage infested during October, from 75 to 85. 

These figures show in a very striking manner the great damage of 
which the pink bollworm is capable, and may be taken as a fair indi- 
cation of the injury which would be done in the United States if it 
were allowed to spread here, as the seasonal conditions here are 
similar to those in Egypt. In short, they show that approximately 
20 per cent of the August bolls and 50 per cent of the September bolls 
would be destroyed or rendered practically valueless by the insect. 
They further illustrate the rapid increase of infestation of green 
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bolls with the advance of the season, and indicate the possibility of 
a severe reduction of yield, particularly in all late-maturing cottons 
where the second and third pickings are important. Fortunately for 
Egypt, one of the principal varieties of cotton grown there, the 
Sakellarides, matures its crop early and yields most of its cotton with 
the first picking. In spite of this favorable circumstance, however, 
and of expensive control operations enforced by the Government, a 
very conservative estimate by experts indicates that this insect causes 
a loss of at least 17 per cent to the Egyptian crop. In the Hawaiian 
Islands the pink bollworm has prevented the development of the 
cotton industry, which at one time showed considerable promise. 

In Brazil, through correspondence with the governors of the 
principal cotton-producing States of the Republic, the minister of 
agriculture collected data for an estimate of the damage to the cotton 
crop caused by the pink bollworm in 1917. The loss reported ranged 
from 30 per cent of the crop in the State of Alagoas to two-thirds 
of the crop, or 30,000 metric tons, in the State of Ceara. 


DAMAGE IN MEXICO 


Special effort has been made to ascertain the degree of damage which 
the pink bollworm causes the cotton crop in the Laguna district of 
Mexico. In making the estimates two plans have been followed, 
one being to send experienced crop reporters to the Laguna, who 
collected data according to the plans followed in estimating injury 
to the crops from various causes in this country. Planters were 
interviewed and the consensus of their opinion as to the actual 
loss was determined. The other method consisted in estimating 
the quantity of cotton left unpicked in the fields on account of the 
injured bolls passed over by the pickers. In Mexico there are no 
important causes other than the pink bollworm which render bolls 
unpickable. The relation between the number of unpicked bolls 
and the number picked, as shown by the burrs remaining on the 
plants, has been taken in a general way to indicate the loss. This 
method is only a rough approximation; its accuracy will vary from 
year to year because, regardless of the degree of actual damage, 
the fields will be picked more thoroughly in years when the price 
is high than when it is low. 

The actual injury caused by the pink bollworm in 1917 was 
investigated by a joint body representing the Mexican and American 
commissions, which visited many plantations in the Laguna. It 
reported that the loss to the crop of 1917 chargeable to the pink 
bollworm was not less than 30 per cent. 

In 1919 a very special study of the various forms of injury was 
made (74). It was determined that the injury could be classified 
approximately in the following manner: 

(1) Loss in squares and blooms; of 343 normal blooms observed, 40.8 per 
cent dropped off without setting bolls; of an equal number of infested bolls 
67.6 per cent dropped off. An undetermined loss was also due to early shedding 
of infested squares. 

(2) Loss in pickable cotton; the lint suffered deterioration in quality, the 
seed was reduced 6.9 per cent in weight, and the oil was unfavorably affected 
in both quantity and quality. 

(3) Loss in nonpickable cotton; 19.98 per cent of the entire crop was 
rendered unpickable. 


a ee 
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On the basis of the foregoing data the loss for the crop of 1919 
was calculated at 20.89 per cent. In 1920 a similar estimate showed 
a total loss of approximately 38 per cent of the crop. 

In 1921 the quantity of nonpickable cotton was calculated at 12.8 
per cent, and in 1922 at 7.97 per cent. The losses through shedding 
and other causes were not estimated for these years. On account 
of the high price of cotton in both years, the fields were undoubtedly 
picked cleaner than usual. It is therefore probable that the actual 
losses were not materially lower than in other seasons. 

In 1923 the loss was calculated at 16 per cent. Because of peculiar 
conditions, including a lack of rains during the growing season, 
it was evident that the damage was less than normal. 

A study of the damage in the Laguna by expert statisticians was 
conducted by H. H. Schutz and E. S. Haskell, of the Bureau of 
Agricultural Economics. The following is quoted from their re- 
port: 


Estimated losses to cotton crops caused by cotton pink bollworm, Laguna dis- 
trict, Mexico, 1915-1921 


Number Number 
of Average | Range of of Average | Range of 
Year records loss losses Year records loss losses 
or esti- ‘ 2 or esti- 
mates : mates 
Per cent | Per cent Per cent | Per cent 
Go ee 6 25. 0 5, -t0: 50 || SG eee 27 19. 0 2 to 50 
tie ee 6 25. 0 5, to 40" ||; [92a 36 30. 4 4 to 70 
Sige peel tS 4h fs 67: 9 22.1 5 to 60) || 192iare eee ee 39 22. 4 3 to 70 
JU) a 20 20. 2 0 to 40 —S= 
Aiverage.! 22) ih 2 22! 23. 4 


It was stated by the Laguna planters that formerly practically all cotton 
made before the first killing frost in the fall was No. 1 (good, middling, or 
better), and that picked later was No. 2 or No. 3, with but a small difference 
in the prices of the first two grades; however, the difference in price now 
runs at times as high as 11 cents per pound, depending upon the percentage 
- of pink bollworm infestation. 

On account of the number of breaks and loss of time in retying the ends, 
some of the spinners dislike to use late-picked Laguna cotton. Mauro de la 
Pefia, manager of the Fabric La Fé Torreon, made tests with normal lint, 
and lint injured by the pink bollworm. Using a standard Hnglish dynamometer, 
the lint having been spun into 120-yards lengths of No. 18 thread, the normal 
cotton showed a resistance of 92 pounds, whereas the damaged, in three tests, 
offered resistance of 68, 75 and 72 pounds. 

It is thought that from September, 1918, to August, 1919, the seed produced 
in the Laguna suffered no appreciable loss in weight, but in the following 
season 15 to 50 per cent of the seed was practically barren; this was particu- 
larly true of all but the early seed. The quantity and quality of oil produced 
is naturally proportional to the quantity and quality of seed produced. The 
percentage of undeveloped and worm-eaten seed in the late picking causes a 
reduction in the quality as well as the quantity of oil. The resulting oil is 
darker, and more residue remains in the process of refining; the cake is dark 
ana carries an odor offensive enough to affect the animals to which it is fed. 

One oil-mill operator estimates that the percentage of oil normally averages 
17, that of cake 44, and that of hulls 35; and that the loss in oil from seed of 
the 1919-20 season was 0.5 point, and that for the following season 1 point. 
Another oil mill reports that the percentage of oil was formerly 16, but that 
now, because of injury caused by the pink bollworm, it is but 13%. He 
also states that even the first or early picking yields but 15 per cent of oil, and 
that this is appreciably infested; further, that 25 to 30 per cent of the seed pro- 
duced late in the season is almost worthless, and yields only 10 to 11 per cent 
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of oil. The 1920 seed handled by this mill averaged 1314 per cent of oil; 
the 1921 seed, 14 per cent. Good seed formerly weighed, on an average, 25 
tons per carload ; now a carload is found to weigh but 21 to 22 tons. 


PRECAUTIONS TAKEN TO PREVENT THE INTRODUCTION OF THE 
PINK BOLLWORM INTO THE UNITED STATES 


With the approval of the plant quarantine act on August 20, 1912, 
the Department of Agriculture for the first time obtained authority 
to regulate the importations of plants and plant products from for- 
eign countries and to take the steps necessary to prevent the intro- 
duction of injurious insects and plant diseases by such importations. 
The pink bollworm was one of the first insects to be considered after 
the plant quarantine act went into operation. Its foreign status and 
its menace to American cotton were first brought to the attention of 
the Federal Horticultural Board in April, 1913, and on May 20 of 
that year a formal hearing was called at Washington to consider 
the advisability of prohibiting the importation of cottonseed from 
all foreign countries. A quarantine was promulgated on May 28, 
1913, to take effect on July 1 of that year. This quarantine forbade 
the importation into the United States of cottonseed of every species 
and variety, and cottonseed hulls from any foreign locality and 
country excepting the Imperial Valley in the State of Lower Cali- 
fornia in Mexico. The impertation from this region in Mexico was 
covered by regulations. The importance of this action was shown in 
May, 1913, by the receipt in Arizona of a shipment of 500 pounds 
of Egyptian seed which was found to have an infestation by the 
pink bollworm of about 20 per cent. Thanks to the quarantine law 
of Arizona and the activity of A. W. Morrill, the State entomologist, 
the whole shipment was destroyed by fire. 

A little later (August 18, 1913), on the recommendation of ex- - 
perts of the Bureaus of Entomology and Plant Industry of this 
department, this quarantine was amended to provide, under regula- 
tion, for the entry, for milling only, of cottonseed from the States of 
Nuevo Leon and Tamaulipas, Mexico. A still later amendment per- . 
mitted the introduction of seed from other of the northern States of 
Mexico. 

The reasons advanced for allowing the regulated entry of Mexican 
cottonseed were that no insects which were not found in the United 
States were known to occur in Mexico, and that the culture of cotton 
there is more or less continuous with that in the United States. The 
absence of any cotton pests in the Republic of Mexico which did not 
occur in the United States at that time had been established by field 
inspections by several of the entomologists of the department. 

To protect the United States from the possible entry of the pink 
bollworm from the Territory of Hawaii, a domestic quarantine was 
promulgated June 24, 1913, prohibiting the importation of cotton- 
seed and cottonseed hulls from this territory. 

It was thought that the United States was sufficiently safeguarded 
against the pink bollworm by the quarantines against cottonseed 
as such, but it soon came to notice that considerable quantities of 
seed were coming to the United States in bales of lint. A careful 
examination of picker waste from a large number of bales of 
Egyptian cotton was made. It was found that considerable num- 
bers of seeds passed around the rollers in the gins and some between 
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the roller and the knife through small openings caused by wear. 
The waste from 37 bales which was examined showed sound seeds, 
some of them infested, varying from 27 to 600 per bale. The 
average per bale was 215. The variation in the different bales de- 
pended upon the grade of the cotton, the lower grades having many 
more seeds than the better ones. It was estimated on the basis of 
the examination of waste from the 37 bales that over 16,000 live 
larve of the pink bollworm were being brought to the United States 
each year, of which several hundred went to the mills in the Cotton 
Belt. 

-It thus became evident that a quarantine which did not take into 
consideration the seeds in bales of lint was inadequate. Conse- 
quently in May, 1914, a public hearing was held to discuss various 
means of protection. The different proposals made were that foreign 
cotton be excluded altogether from the United States; that it be 
admitted only under a guaranty that all seeds had been eliminated, 
or that the cotton had been disinfected; that it be allowed to proceed 
only to mills outside of the Cotton Belt; and that it be sent to 
southern cotton mills only after a period of storage of 18 months or 
more in northern localities. At the public hearing, and subsequently 
through conferences with members of the cotton trade and repre- 
sentatives of manufacturing associations whose assistance was very 
valuable to the department, it became evident that there were in- 
superable obstacles in the way of any of the plans mentioned. It 
therefore became necessary to make an exhaustive study of the 
possibility of destroying any infestation which might be found in 
the bales of lint. The use of cold was found to be impracticable. 
The use of heat was also impracticable on account of the time neces- 
sary to penetrate the highly compressed bales of Egyptian cotton 
and on account of the increased danger from fires when bales which 
had been heated were opened in the mills. . 

About this time E. R. Sasscer, of the Federal Horticultural 
Board, and Lon A. Hawkins, of the Bureau of Plant Industry, had 
been conducting some experiments in the destruction of insects in 
various plant products by fumigation in a vacuum. It was found 
that the killing power of hydrocyanic-acid gas was increased enor- 
mously in vacuum and it thus became possible to reach certain 
classes of insects which heretofore had been uncontrollable. It 
therefore seemed possible that the vacuum process might be utilized 
in the fumigation of bales of cotton without necessitating their 
opening. A small experimental plant was established by the board 
at Washington and a long and what turned out to be a most 
interesting series of experiments was begun by Sasscer. 

While this investigation was in progress an order regulating 
the entry of all imported lint cotton was promulgated by the Secre- 
tary of Agriculture April 27, 1915, effective July 1, 1915, and a do- 
mestic quarantine regulating the movement of cotton lint from the 
Territory of Hawaii to the mainland was promulgated June 11, 
1915, effective on and after July 1, 1915. Under this order and 
quarantine, tentative regulations were issued governing and_ re- 
stricting the entry of foreign cotton and also providing for the 
screening of all rooms or buildings in which foreign cotton was kept 
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and the daily burning of all grades of mill waste in which seeds of 
such cotton might be found. A corps of inspectors was employed 
and, to insure the faithful following of regulations, frequent exam- 
inations were made at the mills where foreign cotton was used. In 
general, sympathetic cooperation was obtained. This was especially 
noticeable in the case of southern mills, the owners and managers 
of which seemed to realize the danger of introducing the pink boll- 
worm and comphed with the orders and regulations of the Federal 
Horticultural Board in the most hearty and public-spirited manner. 

In the experiments with vacuum fumigation of lint cotton con- 
ducted by Sasscer, under the direction and with the advice of the 
Federal Horticultural Board, tests were made with variations in the 
dosage of cyanid, the degree of vacuum, the length of exposure, the 
temperature, and the depth of penetration. Steel tubes pointed at 
one end were provided. These had perforations near the point and 
were sealed in such a manner as to be perfectly airtight at the other 
end. Insects were placed within them, and the tubes were then 
driven into the bales. After the experiment was performed the in- 
sects were removed for examination. In this way the exact effect of 
the fumigation under all varying conditions at different depths 
within the bales could be determined. At the same time chemical 
tests were made by the Bureau of Chemistry of this department to 
run parallel with the tests with insects. These chemical tests con- 
firmed the rapid penetration of the gas. 7 

As a result of a suggestion made following a conference of a 
committee of cotton manufacturers with the Federal Horticultural 
Board, the then Office of Markets and Rural Organization of this 
department conducted a series of manufacturing tests with cotton 
which had been fumigated with hydrocyanic-acid gas to determine 
whether the fumigation by this agent would cause any injury to 
cotton fibers. The results of these tests indicate that such fumiga 
tion of cotton did not cause any deterioration of the cotton, either 
as to percentage of waste, spinning qualities, tensile strength, or 
the bleaching, dyeing, or mercerizing properties of the cotton (4). 

In the first series of experiments various insects more or less re- 
lated to the pink bollworm, but which are native to the United States, 
were used. After the preliminary work was done and the probable 
requirements for destroying any insect in the bales of lint were 
determined, it was decided to add a series of experiments with the 
pink bollworm itself. For this purpose, under extreme caution to 
avoid escape, a number of insects were brought from the Hawaian 
Islands. The results in all essential respects were similar to those 
that followed in the case of the insects treated previously. 

As the result of all of this work, which taxed the ingenuity of 
the investigators engaged in it, it was found feasible on a com- 
mercial scale to fumigate densely compressed bales of cotton and 
kill any insect which might be inside. 

On March 10, 1916, the fumigation of all bales of foreign cotton 
arriving at the United States was required as a condition of entry. 
Advance notice had been given to the importers and others con- 
cerned. In spite of considerable difficulties in obtaining materials 
and in working out mechanical problems, large plants were erected 
in a remarkably short time and became available for use on the 
date mentioned. ‘Two of these plants were erected in Boston and 
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one in Oakland, Calif. A little later two additional plants were 
erected at New York City and one at Newark, N. J. Plants are 
now available at Seattle, Wash., Oakland and San Francisco, Calif., 
and Astoria and Portland, Oreg. These establishments have a 
capacity sufficient to handle all of the imported cotton without 
any special delay. The larger plants have a capacity of upward 
of 1,000 bales per day. 

The procedure to be followed in the fumigation of foreign cotton . 
is given in an order of the Federal Horticultural Board (19)°. 

Later investigations led to the placing of restrictions on certain 
kinds of cotton waste, cotton wrapping material and cottonseed 
products. On April 11, 1916, the collector of customs at Norfolk, 
Va., telegraphed the board that some 189 tons of cottonseed from 
Lagos, West Africa, constituted a portion of the cargo of the British 
steamship Appam, brought to Newport News as a German prize 
of war. In codperation with the Office of Markets the board took 
immediate steps to dispose of this seed, which was found to be 
infested by the pink bollworm. A provisional sale had been made 
by the admiralty board to the proprietor of an oil mill in South 
Carolina. This was set aside as soon as the danger of introducing 
the pink bollworm was explained. After considering a number of 
methods of disposing of this seed, it was finally decided to have 
it treated with sulphuric acid and thus made available as a fertilizer. 
Through the codperation of one of the largest manufacturers of 
fertilizers this was done with the utmost dispatch. The entire 
lot of 4,000 bags of seed was placed in sulphuric-acid vats within 
four days from the time the presence of the seed at Newport News 
became known to the department. As an additional precaution 
the two holds of the Appam which contained the seed were fumi- 
gated with a heavy dose of hydrocyanic acid gas, and the docks, 
lighters, and trucks, as well as floors and platforms, were thoroughly 
cleaned of any scattered seeds. 

To guard against the possibility that the pink bollworm had 
escaped prior to the treatment which has been described, repeated 
inspections were made later of the cotton fields near Newport News, 
which are at a distance of about 10 miles. No traces of infestation 
have been found, and it now seems certain that the establishment 
of the insect from this seed was prevented. 


DISCOVERY IN MEXICO 


Farlier in this bulletin attention has been directed to the fact that 
when the quarantine against foreign cottonseed was placed in 
operation the State of Lower California, Mexico, was not included, 
and that subsequently cottonseed was permitted entry, for milling 
purposes only, { rom certain northern States of Mexico. The reason 
for this was that several of the entomologists of the department had 
been in northern Mexico and had found no traces of infestation by 
any insects other than those which are known to occur in the United 
States. These explorations were made some years previously, how- 
ever, and it was thought desirable to make new examinations on ac- 

® Detailed information as to the activities of the Pederal Horticultural Board and its 


quarantine and other restrictive orders and regulations relating to cotton and cotton 
products, taay be found in its service and regulatory announcements. 
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count of the suspicion. that the pink bollworm or some other de- 
structive pest might have been introduced in the meantime. Accord- 
ingly arrangements were made in 1916 to dispatch an agent to Mex- 
ico. Shortly before the time fixed for his departure the activities 
of the bandits became so great that the trip had to be postponed 
indefinitely. If it had not been for these circumstances the presence 
of the pink bollworm in Mexico would have been known some months 
. before it actually came to the attention of the department. 

On November 1, 1916, the department received from a planter in 
the Laguna district, who was then residing in Mexico City, a number 
of specimens of cotton bolls which had been attacked by insects. The 
sender was under the impression that the insect was the boll weevil, 
which, though introduced in the Laguna on numerous occasions, had, 
on account of climatic conditions, never been able to maintain itself. 
Several of the bolls were found to be infested by the boll weevil, but 
others showed the presence of the pink bollworm. The determina- 
tion was first made by W. D. Pierce and confirmed by August Busck 
and other specialists of the Bureau of Entomology. 

On November 3, 1916, the situation was considered by the Federal 
Horticultural Board, and on November 4 an amendment to the 
regulations, extending the quarantine to cottonseed and cotton from 
Mexico, was issued by the department. An investigation was imme- 
diately started to determine the extent of the infestation in Mexico 
and the number of shipments of cottonseed from that country to the 
United States. It was soon found that a large quantity of Mexican 
cottonseed had been shipped to mills in Texas during the season of 
1916. In previous years no Mexican cottonseed had been shipped 
to the United States, and it was only the disturbed conditions in 
Mexico and the unprecedentedly high price of seed in the United 
States that caused the seed mentioned to be forwarded to this 
country. 

In 1916 a total of 446 carloads of Mexican seed had been brought 
into Texas prior to November 4, all of which went to the mills at 
Beaumont, Pearsall, Kaufman, Hearne, San Antonio, Houston, 
Dallas, Wolfe City, New Braunfels, Grand View, and Alice. The 
quantities varied from 1 carload, which went to Wolfe City, to 114 
carloads, which went to Beaumont. Ninety-three carloads were 
shipped to Hearne and 69 to Kaufman, both located in regions where 
cotton is cultivated on every plantation. The State authorities in 
Texas were notified and the Federal Horticultural Board began a 
campaign to expedite the crushing of the seed and the destruction 
of any scattered seeds about the premises. The cooperation with 
the State was brought about by Fred Davis, commissioner of agri- 
culture, the entomologist of his department, E. E. Scholl, and the 
chief nursery inspector, E. L. Ayers. 


DISCOVERY IN TEXAS 


As the result of field examinations, the first specimen of the pink 
bollworm in Texas was discovered in Hearne on September 10, 1917, 
by Ivan Schiller, an inspector of the board. This was found in a 
small field adjoining the oi] mill which had received Mexican cotton- 
seed. Later four additional specimens were found, none of them 
more than one-fourth of a mile from the mill. On October 5 a 
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specimen was found in a field near the oil mill at Beaumont by 
inspector H. C. Millender, and on October 25 specimens were taken 
at Anahuac, in Chambers County, by H. 8. Hensley. The’ first 
two of these infestations were undoubtedly due to the Mexican 
seed which had been shipped to the United States in 1916. The 
infestation in Chambers County, however, can not be attributed 
to such shipments. It was found to extend around Galveston Bay 
from Smiths Point to the vicinity of Texas City. It was heavier 
near the bay and diminished regularly toward the interior. After 
considerable investigation, in which all possible theories were 
weighed, the conclusion was reached that this infestation was 
probably due to Mexican bales of cotton which were shipped to 
Galveston in 1915. During this year several thousand bales of 
cotton from the Laguna in Mexico reached Galveston by way of 
El Paso. This cotton was on the docks at Galveston at the time 
of the hurricane of August, 1915. With several thousand bales of 
Texas cotton it was washed from the docks and distributed around 
the shore line, in some cases 75 miles away. Many of the bales were 
broken open by the force of the water. It is well known that 
Mexican bales contain large numbers of seeds, and cotton plants 
were found growing along the high-water line during the fall of 
1915 and the spring of 1916. This theory, while not altogether 
satistactory, is considered by August Busck, who has paid more 
attention to the study of the pink bollworm than any other entomol- 
ogist, to be an adequate explanation of the present situation around 
Galveston Bay. 

As soon as the presence of the pink bollworm in Texas was dis- 
covered, the Federal Horticultural Board, in cooperation with the 
Department of Agriculture of the State of Texas, undertook active 
measures to eradicate it. The work consisted at first of scouting to 
determine the limits of infestation, the destruction of any possible 
infestation remaining in the fields, and the safeguarding by various 
means of the cotton produced in the infested fields and in neighboring 
ones during the season of 1917. 

The work of removing any possible infestation from the fields . 
consisted in uprooting or chopping down the plants, the collection 
by hand of all locks or portions of locks which were found on the 
ground, and the burning of all the accumulated trash. In this work 
1,624 acres of land in the vicinity of Hearne was cleaned, and 7,170 
acres in southeastern Texas. The work was not confined to fields in 
which infestation was actually discovered, but included fields at a 
considerable distance beyond the outermost points found infested. 
It involved the employment of an average of about 500 laborers for 
the months of November, December, January, and February, and a 
portion of March. In many cases the laborers were assembled in 
camps and housed and provisioned by the department, In other 
cases, where the work was in the vicinity of towns, it was possible 
to employ local labor. The safeguarding of cotton products from 
the infested areas in 1917 consisted in the milling of the seed under 
supervision at certain mills selected because their construction would 
enable the work to be done with practically no danger of disseminut- 
ing the pest. The baled cotton, as far as possible, was caused to be 
exported or shipped directly to northern mills. 
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COTTON-FREE ZONES 


In 1917 the legislature of Texas passed an act intended to give 
authority to prevent the establishment of the pink bollworm in the 
State. By this act authority was granted to quarantine the dis- 
tricts in which the insect might be found, and to establish zones in 
which the planting of cotton might be prohibited. Under this 
authority, on January 21, 1918, the Governor of Texas quarantined 
the Hearne district as well as the territory found infested in south- 
eastern Texas. In the case of Hearne the quarantined area included 
a territory within a radius of 3 miles from the mill. In the case 
of southeastern Texas the quarantined area included a safety zone, 
approximately 10 miles in width, covering the outermost points 
infested. 

On February 25, 1918, following the recommendation of the com- 
missioner of agriculture, the Governor of Texas issued a proclama- 
tion prohibiting the planting of cotton in the quarantined areas. 

The finding of infestation by the pink bollworm in Mexico not 
far from Del Rio in the spring of 1918 made it necessary to place 
in operation another section of the Texas pink bollworm act. Asa 
consequence a third noncotton zone was provided to include McKin- 
ney, Maverick, and Valverde Counties. 


SPECIAL REGULATIONS AT MEXICAN BORDER 


The risk of direct entry of the pink bollworm from Mexico by 
flight or by accidental carriage necessitated the provision in the 
regulations governing the entry from Mexico of cottonseed cake, 
meal, or other cottonseed products, including oil, that permits for 
such entry should be issued only for the products named coming 
from mills located in the Laguna district of Mexico. The object of 
this proviso with relation to Mexico is to deter the erection of mills 
near the border of the United States, with the consequent risk of 
escape of insects from seed brought for crushing to such mills near 
the border. 


ORGANIZATION OF THE PREVENTIVE WORK OF THE DEPART- 
MENT OF AGRICULTURE 


In general, the basis of the work in Texas and other States has 
been scouting to determine the location and extent of infestations. 
When this has been done noncotton zones are provided, with sur- 
rounding zones in which all cotton products are safeguarded as to 
distribution and use. ‘Two years has been found a sufficient time for 
maintaining the noncotton zones, but the regulated zones are con- 
tinued longer. As soon as infestation is found the fields are thor- 
oughly cleaned by removing and burning all bolls, burs, and other 
material which might harbor the insect. This work extends far be- 
yond the fields actually found infested and is carried on each year 
in the regulated zone surrounding any noncotton zone. Of course 
all noncotton zones are carefully scouted and all volunteer cotton 
destroyed. 

It is probable that this clean-up work has been the most important 
factor in what seems now to have been a successful effort at eradi- 
cation in large areas. No attempt has been made to reach such 
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_ larvee as might be in the soil. Certainly the vast majority of the 
insects in the field in the fall and winter are in the bolls on the 
plants and in the bolls and trash on the ground, and these are 
effectively disposed of. The remaining insects are in a very unfav- 
orable situation on account of the normally heavy winter rains, as 
experiments performed in Mexico show clearly that in moist soil the 
insect rarely if ever passes the winter alive. 

The following is a general outline of the lines of preventive work 
begun in 1917 and continued up to the present time: 

The exclusion from the United States of cottonseed from all foreign coun- 
tries except the Imperial Valley of Lower California, Mexico. Cottonseed from 
Hawaii and Porto Rico has also been excluded. » 

The regulation and safeguarding of the entry of cottonseed products from 
all foreign countries and from Hawaii and Porto Rico. 

Regulation of entry and disinfection of all imported cotton and cotton 
waste, and of burlaps which have been used aS wrappings of foreign cotton, 
including such material from Hawaii and Porto Rico. 

Survey, eradication, and control work in Texas and elsewhere, in cooperation 
with State authorities. 

Regulation of rail and other traffic with Mexico. : 

Determination of distribution in Mexico and cooperation in control measures 
with the Mexican Government or local Mexican authorities. 

Investigation in Mexico of the life history and habits of the pink bollworm, 
as a basis for control measures. 


The work at the Texas border ports consists in the regulation of 
traffic from Mexico to prevent the importation, through accident or 
otherwise, of any Mexican cottonseed. It includes the inspection 
and disinfection of baggage, the cleaning or disinfection of all 
freight, express, and other shipments, except those which could not 
possibly carry infestation, restriction on the entry of railway cars 
from Mexico, regulation of the transfer of freight, express, and other 
shipments, certification of all cars or other carriers of merchandise 
as a condition of entry into the United States (excepting merchan- 
dise or other materials of strictly local origin), and the cleaning of 
domestic cars as a condition of receiving freight originating in 
Mexico for movement into the interior of the United States. 

The work in Mexico consists in research and in cooperation with 
the Mexican Government and planters for eradicating the pink boll- 
worm from that country. The loss which the pink bollworm has 
already shown itself capable of causing, and the fact that the cotton 
lands are owned by comparatively few persons, are grounds for 
hope that the main infestation in the Laguna district may be de- 
stroyed. Various conditions, however, have prevented any very de- 
finite progress along this line. 


CHRONOLOGICAL SUMMARY OF INFESTATIONS 


The origin of the Hearne infestation of 1917 has already been 
narrated. The area cleaned up comprised 1,624 acres, A noncotton 
zone was maintained for three years. No reinfestation has been 
found up to the present time. 

The Prinity Bay infestation comprised 156 fields of the crop of 
1917. A noncotton zone was provided in 1918, but, on account of a 
defective State law, it was discontinued during 1919. In the latter 
year 51 infested fields were found. In 1920, 1921, and 1922, noncot- 
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ton zones of limited size were established where infestation has been 
observed. In the scouting in the vicinity of these zones 28 fields 
were found infested in 1920, 1 in 1921, and none in 1922 or 1923. 
The clean-up operations were conducted in each of the years except 
1918, at a total cost of $219,266.68. 

In the Big Bend district the first infestation was found in the 
crop of 1918, and was evidently caused by the bringing in of cotton- 
seed from the interior of Mexico. Twenty-one fields, including some 
in Mexico, were found infested, all of which were cleaned up. A non- 
cotton zone was maintained there in 1919 and 1920. ‘The infestation 
has continued, evidently owing to reintroduction of the insect from 
Mexico. The infested fields numbered 12 in 1921, 24 in 1922, and 
33 in 1923. In 1921 and 1923 a part of the infested fields enumerated 
were in Chihuahua, Mexico. The Pecos Valley also was first found 
infested in 1918, to the extent of nine fields, as a result of the car- 
riage of seed cotton from Big Bend.. The area was cleaned up in 
1918 and 1919, but no noncotton zone was established. Infestation 
has recurred in, 1919, 1920, 1921, 1923, and 1924. Much labor has 
been expended in scout work. 


TABLE 2.—Number of man-days scouting and number of infested fields in each 
infested district for each crop to June 39, 1925 


1917 1918 1919 1920 1921 1922 1923 1924 
m mn n wn nm a n n 
District BS 5 = |S |S Pm |5 Ely SS > 5 
o l28| 3 [es] 9 eS 5 [e8| Ss les| v les] 3 lee! o las 
a iS) & \Se| & |22| & \Ss| & Se] & Sa) 2 ee] ise 
[St bic ly Secale liste [ce les ca, alee ipa aia iemnines 
Texas: 
Hearne ys: 2 He Ses 164; 5) 471) 0} 650) 0} 505) 0} 369) Oj} 172; O} 255) O (0) ee!) 
Mrinitys Bayo ee ene een! 645| 156] 829] 0/1, 796| 51/2, 006] 28/1,518} 1) 8911 0/1, 225) 0/1, 030| +O 
iBicsbende esa a eaeeeee (en) 4) 121) (1) 1 0} 0} 22/112) 27) 24) 66/136) 167) 62 
Pecos Valley________=___ 0 QO} 555 9/1, 123 1} 850} 15) 299) 21) 386 0} 421 5) 631) 15 
El] Paso Valley_________- 0 0) 103 0} 158 0} 339) 14 78 9} 261 4| 406 1} 397 il 
HINMIS Ses Abe Be Ta 0; 0 (0) en) 0} =O 0} 0} 798) 5) 671) 0} 740) O} 835) O 
Wianilee esc een (0) en) (0) a) 0} =O 0; 6} 340) 2} 461) Oj} 611; O} 612) O 
Louisiana: 
@amerons =e ee 0 0 5 0} 104) 22) 213 0} 319 0} 632 0) 718 0} 655 0 
Shreveport.22 22) Se 0; oO 0} =O} «46; ~=—O}sS« 486; ~=10} 320) 0} 332) 0] 648 OO} 744 O 
New Mexico: } 
Mesilla Valley__________ 0 0 0 0! 0 0} 240) 25 27| #6 77| 21) 231 0} 260 0 
Carlsbad snes ese 0 0) 111 0 57 0} 310 2 63 4) 282 0/1, 212 0} 695) 0 
Totals: 
AIRES ciguant Shoeiadngy NOL a 809} 1611, 962] 3013, 727] 53)/3, 729] 58/3, 430] 53/2, 881) 29/3, 724] 42/3, 672] 78 
IEOUIS Tan ae ae (0) ee) 5] O} 150} 22} 699) 10) 639} 0} 964) 0/1,366) 0/1,399} 0 
New Mexico____________ Oo} Oo} 111) +O} 57} O| 521] 6 84! 7 3847) 01,443) 0} 955) O 
otal) + 22 S48 2222 809] 161|2, 078} 30]8,934) 75)4,949) 74/4, 153) 60/4, 192) 29/6, 533] 42/6, 026) 78 
4 | 1 


1 Tn 1918, 1921, and 1923, some of the fields enumerated under the Big Bend district were in Chihuahua, 
Mexico, but are here counted as being in Texas. In 1919 only a fraction of a man-day was devoted to scout- 
ing, and is not enumerated. 


+ Tn 1920, 1921, and 1922, a part of the fields here ascribed to the Mesilla Valley district were in E] Paso 
County, Tex., and the totals by States are adjusted accordingly. 


The infestation in the Cameron Parish district was discovered in 
1919. There has never been any very satisfactory determination 
of its origin, but it is probably connected with the infestation in the 
Trinity Bay area. Twenty-two fields were found infested. A non- 
cotton zone was maintained effectively during the two following 
years and there has been no recurrence of the infestation. The area 
was cleaned up in 1919. 
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In the Shreveport district 10 fields were found infested in the crop 
of 1920, a result of seed shipped from the Cameron district prior to 
the discovery of infestation there. A noncotton zone was proclaimed 
in 1921 and continued through 1922, and there has been no recurrence 
of infestation. The area was cleaned up in 1920 and again during 
1922 and 1923. 

In the Mesilla Valley in New Mexico 5 fields were found infested 
in 1920. A clean-up campaign was begun, but it was discontinued 
when the extent of the infested territory in this district and in the 
adjoining El Paso district was determined. The infestation has 
continued. 

In the El Paso Valley 14 fields were found infested in 1920. A 
clean-up campaign was begun, but it was discontinued on account 
of the general infestation in this and the adjoining Mesilla Valley 
and the proximity to Mexico. The infestation has continued. 

The Carlsbad infestation was found in 2 fields in 1920. No clean- 
up was undertaken, and the infestation reappeared in 1921. There 
was no recurrence, however, in 1922 or 1923. 

The Ennis, Tex., infestation, consisting of 5 fields, was found in 
1921. It originated with the shipment of 14 carloads of cottonseed 
from New Mexico before infestation had been found there. The in- 
fested area was cleaned up in 1921, 1922, and 1923, and intensive 
scouting has not disclosed any reinfestation. A noncotton zone was 
maintained during 1922, the clean-up work for that year being con- 
ducted in the fields immediately outside of the small zone necessary 
under State law. 

The Marilee infestation, consisting of two fields of the crop of 
1921, originated in the reshipment from Ennis to Marilee of some 
of the New Mexican cottonseed which caused the infestation at Ennis. 
The area was cleaned up in 1921 and a noncotton zone was maintained 
during the following year. The area was cleaned again in 1922 and- 
1923. No reinfestation has occured. 

The detailed records of the amount of scouting performed in 
each of these districts are given in Table 2 and the locations of the 
several districts are shown in Figure 11. 


SCOUTING OUTSIDE OF KNOWN INFESTED DISTRICTS 


The most important consideration connected with the attempt 
to control the pink bollworm in the United States has been whether 
all infestations have been discovered. A very large amount of 
scouting has been done in regions outside of the various areas in 
which the insect has been found, including numerous points to which 
possibly infested material has been shipped. Whenever an infesta- 
tion has been found the shipments for the three preceding years 
which could possibly have introduced the insect have been traced 
to their destinations and careful scouting conducted. Of course, 
much attention has been given to scouting immediately outside of the 
various noncotton zones and regulated zones. Attention has been 
given to numerous reports of the occurrence of the insect which have 
been due to misidentifications. The routes of traffic from the 
Mexican border and the entire Mexican frontier have been thor- 
oughly inspected. Table 3 shows the amount of this scouting in 
the various States where it has been done. 
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TABLE 3.—Total number of man-days scouting and number of localities receiv- 
ing attention in each State for each crop to January 31, 1924 


1917 1918 1919 1920 1921 1922 1923 
State SS a) SR ee ee ele |) gs! 
aS | gS S| 88) og Ss a eae 
abe | eS eel be) Saba |e ete eal eas 
Central: 
Arkansas 2522 seas eee (0) en) 19} 9 (ee) 0} Oo aye 2) 0} 0 0; 60 
Mouisianaree sth sa ee ee (0) ee) 17} 10} 539) 49] 1,717) 76) 1,328} 36) 1,212) 31) 977) 10 
New Mexico_______-______ 0 Ol 2 lay 3 528) 12 84} 18 347} 10) 1,058) 31 
Oklahoma. _22__2_--_-_=-_ (0) ee) (1) en) 0} 60 (0) ee) 99} 3] 1382) 4 0; 0 
SREXaSE Ata re sip: Se ea 1,184) 73) 2,942) 101) 4, 436] 139) 5, 078) 149] 6, 743] 222) 5, 482! 155] 4, 676] 132 
Mexico: sih0 edie eed a Oo} 60} 6) 1 48) 21 0} 208] 21 57 16 
Western 
AT IZ ON ee ese ae ee 0 0 43} 14 60) 23 0 0 316 7 215 9 0 0 
Californiass4* 2225p 0 0 0 0 0 0 14 3 204; 13 61 6 0 0 
Eastern: 
iMlabaman!s2 = - 8) eb (0) i) 25, 2 67; 6 (0) en) 16} 9 (0) en) Oo; Oo 
iloridasys. J 4iee See 0} =O (0) ee) (0) en) Oo; 0 10} 6 0} +O 0; oO 
Georgiae sheen eens Ub SO) Ua) 9G 97; 13 Oo; 60 33| 18 (0) (0) ee) 
Mississippi-______._-------- (0) en) 19} 7 7| 2) 2677) ?| 2259) ?| 2254) 2? Ct) ) 
North Carolina -_-__-__--___- 0} =O 13} 3) 155} 14 (0) en) 56} 11 (0) en) 0; O 
South Carolina___________- Oo} 60} «6114, 9)Ss«d5]s*114 (0) en) 60} 17 (0) en) Oo} 60 
MPennessee-< . = S22 Fed (0) eo) Oo} 60 0} 60 0; 0 (yea (0) en) 0; 60 
otal .- see = Peres 1, 184] 73) 3,479] 164) 5,617] 284] 8,014] 240) 9, 453] 384) 7, 760) 219) 6,774] 189 
1 Half a man-day or less 2 Scouting by State inspectors 
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Fig. 11.—Map showing approximate location of infestations by the pink bollworm in 
Mexico and the United States: A, the Laguna district; B, Allende; C, the Trevino ranch ; 
D, Santa Rosalia; EH, Monclova; F, the Juarez Valley; G, the area in Chihuahua 
opposite Presidio and Brewster Counties, Tex.; 1, Hearne; 2, the Trinity Bay (Galves- 
ton Bay) area; 3, the Big Bend area; 4, the Pecos Valley; 5, the Cameron Parish dis- 
trict; 6, Shreveport; 7, the Mesilla Valley; 8, the El Paso Valley; 9, Carlsbad; 10, 
Ennis; 17, Marilee. The Texas infestations at Hearne, the Trinity Bay area, Ennis, and 
Marilee, and the Louisiana infestations (the Cameron Parish district and Shreveport) 
seem to have been eradicated 
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PRESENT STATUS 


The most noteworthy feature of the present status of the infesta- 
tions which have been discovered in the United States is that they 
fall into two groups. One of these includes the infested districts 
found in western Texas and New Mexico; the Big Bend, Pecos, 
Carlsbad, El Paso Valley, and Mesilla Valley. All these show in- 
festations continuing from year to year, with breaks of no great 
significance in some ‘Instances. 

The other group includes all districts in which infestations have 
appeared in the United States, except those just named. They are 
six in number, four of which are in eastern Texas and two in west- 
ern Louisiana. Following are the latest years in which infestation 
has been known to exist in the several districts: Hearne, 1917; Cam- 
eron, 1919; Shreveport, 1920; and Trinity Bay, Ennis, and Ma- 
rilee, 1921. 

In the eastern areas the success of the efforts at eradication ap- 
pears to be strongly indicated. It is by no means certain that 
eradication has actually been accomplished -in all these six districts, 
one of which included all or parts of seven counties. The extremely 
sight infestation, involving enormous difficulties in finding it, the 
longevity of the insect, and the insidious nature of its work, “all sug- 
gest the possibility of a new infestation, to be eventually discovered 
in one or more of these districts. This possibility, however, is de- 
cidedly remote, so thoroughly has the scouting been done. In the 
more heavily infested places in the Trinity Bay area, the scouting 
included the examination of every boll and bur left on the plants 
after picking the cotton in fields planted after the termination of 
the noncotton zones. Such a possible infestation, however, would not 
be a serious matter, as the methods of eradication already worked out 
have been highly effective and are available at any time. 

A great danger lies in the possibility that there may be infesta- 
tions in unsuspected localities in the United States. The systematic 
search through practically the entire Cotton Belt by the Department 
of Agriculture and by the various State agencies has reduced this 
possibility to perhaps a negligible item. If any infestations are 
discovered, the perfection of the known methods of eradication will 
greatly facilitate, if not insure, their elimination. 

Although the situation as regards the eastern infestations, many of 
which are in solid cotton territory, may be said to be satisfactory, 
the situation in the western areas is not so favorable. In these, on 
account of their proximity to Mexico, it has been impossible to take 
steps toward eradication, such as the establishment of temporary 
noncotton zones. Permanent noncotton zones would be required, and 
these have been impracticable on account of economic and other 
conditions. The danger of the spread of the insect from the western 
areas is by no means as great as might appear. In the first place, 
there is a barrier of 200 miles or more where no cotton is planted. 
The areas are also under quarantine, and all materials which could 
possibly carry the infestation from them are safeguarded. The 
volume ot the infestation is greatly lessened by the requirement 
that all seed produce .d be disinfected by heat as a part of the process 
of ginning. Climatic conditions are also holding the insect to small 
numbers. The districts are of considerable elevation, ranging from 
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2,500 feet to about 4,000 feet above sea level. A careful study made 
in the El Paso Valley shows that there has been no noticeable 
increase in the amount of infestation during the last four years. 
These conditions greatly minimize the danger from the western 
infestation. ‘The experience of several years ; shows that it is per- 
fectly feasible to eliminate practically all danger of spread to other 
regions. There is a chance, however, that this spread may occur 
despite all precautions, and ‘it is undoubtedly wise to maintain the 
restrictions with the utmost vigor. 

On the whole, the conclusion seems to be warranted that the work 
done has resulted more succesfully than in the beginning was thought 
possible, and fully justifies the efforts and expenditures which have 
been made. This work must be continued, however, by preventing 
any possible recurrence in the districts where infestation has been 
found, ty being ready to handle any undiscovered infestations in the 
Cotton Belt proper, by minimizing as far as possible the danger of 
the spread of infestation from the western areas, and by taking « every 
precaution against new infestations from Mexico. 
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